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P.N. HAKSAR - AN OBITUARY

An intellectua! giant, PARAMESHWAR NARAIN HAKSAR, truly epitomised the best values in life as a
distinguished diplomat and upright and skilled administrator. P. N. Haksar belongs to the rare breed of men who
are forunate to have been able to combine a capacity to think with the opportunity to act. During an eventful
tenure in a multi-faceted career that saw him serve the country as a diplomat, administrator and a sage advisor,
Haksar discharged his duties with aplomb.

P. N. Haksar became associaled with the Indian Statistical Institute (1ST) at a difficult turning point of its
history in 1973, just after the founder of the Institute Professor P. C. Mahalanabis, the great visionary, passed away

in 1972. Professor Mahal made the G seasitive to the importance of Statistical Science as a Key
Technology and to its interfaces with various branches of ledge and also to its spplications, Haksar provided
guidance over long twenty five years of his iation in reinforcing its p and acceptability.

‘The first review committee of the ISI, to a certain extent, pointed out only the deficiencies in the then
prevailing structure of the Institute but did not take into account, according to Haksar, the history, traditions and
specific circumstances in which the Institute had grown. P. N. Haksar was familiar with these problems as he was
then in the Prime Minister’s Office and had much to do with trying to sort things out. Under the Chairmanship of
P.N. Baksar, an Institutional framework was created in 1976 for proper functioning of the Institute with democratic
norms at lower levels as well. Haksar believed that in actoal practice, the liness in a system's funetioning is
largely due to the linkages established at the ground level. "Haksar beats a computer in analysis any time”, many in
ISI and Governmem said in awe of the mind behind the,man who was an action-oriented thinker with a balanced

htop F g the great ple of the founder of the Institute, Haksar gave his heart and soul
m the f\mhmnee of the objccuvu of the Insulmc as Illd down in lhe Memorandum of Association (MoA) and
guided the Institute with his lary jic and administrative abilities,

From 1973 onwards, the ISI was foremost on his list of priorities. The Delhi centre of ISI was created
under his Chairmanship in 1974. He fought relentlessly to maintain the of ISI to further its academic
excellence. He exhibited exemplary courage and fortitude by spending several hours, when his wife was lying in
hospita! gasping for life, to deal with matters pending with the g garding IS1, including writing a letter
from the hospital waiting room to the government. He never allowed the Institute to be swayed by Government
contro) and always swore by the IS ACT of Partiament of 1959 that declared the Institute as an “Institution of
National Importance.”

Professor Mahalanobis is without doubt the Messiah of the Statistical Quality Movement in India. Haksar
lent his whole-hearted support to its substantial growth in India through ISI which finally made the Govemnment of
India realise its imp Under his insi the G constituted the Quality Council of India in 1998
and rightly made the ISI & permanent member.

Haksar was a constant source of guidance and inspiration to the workers of the Institute, including the ISI
Workers' Organisation (ISTWO). In the recent past, he made special efforts to solve several long standing problems
of the Institute which include: amendment in 1995 of the Section 4 of the Indian Statistical Institute Act of
anlumem of 1959 empowe:mg the Institute to award degrees and diplomas not only in Statisitics but also in
Math ics, Computer Science and such other subjects related to Statistics as may be
determined by the Institute from time to time; approval of a number of changes in the MoA of the Institute in 1996
which included creation of 2 new Division of Computer and Commuaication Scieaces and also recognition of the
Bangalore Centre formally as a Centre in MoA.

His guidance and influence, and the great respect he commanded at the highest levels in Govemroeat,
combined with the excellent research, project work, teaching and consultancy done by the scientists, helped the
Instirute in its continuance as a Centre of Excellence in the World of Statistics and Learning. His love and
affection for the Instituta and its workers will always remain etched in our memory. May his soul rest in peace.



PN. Haksar

04.09.1913 - 27.11.1998
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BRIEF HISTORY OF THE INSTITUTE

Research in the theory and applications of Statisties as a new scientific discipline began in India in the
early twenties through the pioneering initintive and elforts of Professor P.C. Mahalanobis. Soon afier his rerum
from England, Mahalanobis begun to carry out statistical sludies with the help of some part-time assistants. A
chance meeting with Dr. Nelson Annandale (the then Direcior of the Zoological Survey of India) and
subsequent interactions with him led to the first scientific pape: by Mahalanobis on the statistical analysis of
stalure of Anglo-Indian males of Calcutta. This was followed by further research in anthropometry, in
metcorology and in problems of flood control in North Bengul and Orissa. Gradually, a small group of young
scientists was picked up by him in the Dep of Physics, Presidency College. Calcutta, where he was a
professor. This group formed the nucleus of 2 laboratory which later came to be known as the Statistical
Luboratory.

In the early thirties, realising the ity for a d cffort for the advancement of theoretical and
applied statistics in India, Professor Mahalanobis together with Proft P N. Banerjee and N.R. Sen, both of
Calcutta University, convened a meeting on 17 December, 1931, Lo consider various steps [0 be undertaken for
the establishment of an association for the advancement of stalistics in the country. it was unanimously resolved
that the Indian Statistical Instiluie be established with Sir K.N. Mookerjee as President and Professor P.C.
Mahalanobis as (Honorary) Secretary. The Indian Staristical Institute (1S1) was registered as a non-Government
and non-profit distributing leamed society on April 28, 1932, under the Societics' Registration Act No. XXI of
1860. The total expendiiure in the first year was a mesgre Rs. 238.00 and the number of workers was only two
or three. From such a modest beginning, the Institute grew, under the remarkable leadership of Professor
Mahalanobis, into an all-tadia orpanisation which now has around 1600 workers, including about 500 scicatific
workers. The lnstitute has its headquarters in Calcutta and two other Centres at Delhi and Bangalore and a
branch at Giridih. In addition, it has a network of service units of Statistical Quality Control and Operations
Research Division at Baroda, Mumbai, Pune, Coimb Chennai, Hyderabad, Calcutia, Delhi and Bangalore.

From the very beginning, Professor Mahal and his i which included Proft S.S.
Bose. R.C. Bose, S.N. Roy, K.R. Nair, K. Kishen and H.C. Sinha worked with enthusiasm for the development
of statistical theory and methods, und in promoting research and practical applications in differcnt areas of
natral and social sciences. Sankhvd, the Indian Journal of Swatistics, was started in 1933 with P.C.
Mahatanobis as its Editor, and received instant i ional recognition which conti till today. Pioneering
rescarch activities were cammied out in many areas of statistical theory, especially in the core areas of
multivariate analysis, sample surveys and design of experiments. Such activities were strengthened and new
directions were opened up by Professor C.R. Rac and many others who joined the lnstitute in the forties, and
the tradition continues. The Instinne pi d the devel of statistical methods in agricultural research
and in the conduct of large scale sample surveys. This led to a large number of research publlcauons ard to the
muoducnon or u-:umng activities offering short term courses in statistics for officers in g
and ifi The scicatists of IS], led by Professar Mahatanobi helped in introd ,U\e fiist
posl-graduale degree course in statistics in India at the Calcutta University in 1941, and in secuiing a separate
section for Statistics in the Indian Science Congress.

Activities of the Institute gained further momentum from 1938. Professor Mahalanobis started sample
surveys 1o estimate the area under jute crop in Bengal in 1937 as an exploratory work, which later grew (o &
full-scale survey of the entire province in.1941 At the request of the Government of Bengal in 1944, a survey
of economic and social conditions in Bengal was undertaken to assess the impact of the severe famine which
had occurred in 1942-42. This survey yielded information of much social significuice. These projects led to a
debate on the use of sample surveys, which were ultimately accepled as the basis for official estimates of erop
yield in West Bengal in 1948, and later in other states of India. Gradually, sumple surveys of agricultural crops
and other socio-cconomic surveys bccnme some of the most important aclivities of the Institute and carned the
Instilute and Professor Mahalanobi: | jon. After indcpend Professur Mahalunobis was
apponted Honorary Statistical Adviser to the Cnbmel Government of India, and in 1950, through his initiative,
the Natiunal Samplc Survey (NSS) was started for conducting socio-e. ic surveys of ali-Indi ge on

u continuing basis. This was the first ever attempt in Indie to have a data base for various developmental
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by inviting other experts like W.E. Deming for the SAmE purpose. SQC promotional work was gradually spread all
over the industrial centres in India under a comp prog covering education and training, applied
research and consultancy services.

h in ics was greaily stimulated when in 1954 Prime Minister Jawaharlal Nehny entrusted
the preparation of the draft Second Five-Year Plan of the country to Professor Mahalanobis and the Institute. The
“Draft" submitted by Professor Mahalanobis and the planni g models fc lated by him in that connection have

since been regarded as major contributions to economic planning in India. Since then many economists of the
Institute have worked in different centres of the Institute on various espects of national planning and until 1970,
were directly helping the Planning Commission in the preparation of the long term perspective plans for the
country. R h in other disciplines of Social Sci was also started in the Institute in the late fifties. Professor
Mzahalanobis' participation in 1946 in the annual scicnlific conferences of the Milbank Foundation led 1o the
initiation of systemalic studies in India on the growth of population. Earlicr, the well known Y-sample estimates
for 1941 Census population were also derived by the ISI. Theoretical and cmpirical research in sociology using
sumsucal techniques was stanted in the Institute for the first time in south-ezs( Asia. Similarly, the development and

luction of psych ic tests for selection p in di or ions was first made by the IS! in
India besides n.nrrying out basic rescarch in Psychometry. The studies of the phonetic structure of some major
Indian languages have been mad on a continuing basis in the Institute under the guidance and collaboration of the
famous linguist Djordje Kostic.

Thc Insnlme, since its mccpuon recognised the need for development and use of accurate and fast

q for the p g and analysis of data. Professor Mahalanobis strongly believed that to be a

good \heoretical statistician one must also compute and must therefore have the best computing aids. The Institute

has fived up to this tradition from the very beginning. In 1953, a small analog computer was designed and built in

the Institute. In 1956, the Institute acquired a HEC-2M machine from the U.K, which was the first digital computer

in India. In 1958, a digilal computer URAL was reccived as a gift from U.S.S.R. Since 1956 till mid sixties, the

Institute had been serving as a de l‘mo national computer centre for the country. in early sixties, the Institute, in

llaboration with the Jadavpur L ity, undertook the design, development and fabrication of a fully

transistorised digital computer, called ISJJU-1 which was commissioned in 1966 by Shri M. C. Chagla, the then
Minister of Education, Government of India. -

Quantitative analysis in Physical and Earth Sciences was one of the novel ldus of Professor Mahalznobis
pursued in the true spirit of the Institute. In addition to evolving some i g and obtaining some
very interesting results (rom the analysis of directional geolobncal data, the Institute also made a significant
contribution by discovering the bones of a 16m (~) long sauropod dinusaur named, Burapasaurus Tagoreii, from
the lower Jurassic Kota rocks near Sironcha, Gadchiroli district, Mahacashtra, in the sixtics. The discovery has
helped in understanding the interesting problem about the origin and evolution of sauroped dinosaurs. It, in fact,
represents the only intermediate form between the prosauropods and the sauropods, and is called a "missing link” in
the evolution of the pod di

The Institute expanded ils research, teaching, training and project activities and earned national and
intemational recognition over lime. The substantial contributions of the Institute to theoretical and spplied
istical work have inated in the ition of the [nstitute as an Institute of national importance by the
Govemment of India through the Indian Siatistical Institute Act, 1959. By the act the Institute was empowered to
award degrees and diplomas. None other than Pandit Jawsharlal Nehru, the then Prime Minister of India, piloted
the bill in the Parli With this ition, the already existing Icaching and training programmes were
consolidated and expanded and courses for the degrees of Bachelor of Statistics [B.Stat. (H ] and Master of
Statistics (M.Stat.) were started from June 1960. The Institute was also empowered to award Ph.D/D.Sc. degrees
from the same time. Later on, courses leading to Master of Technology degrees were started in Computer Science
and in Quality, Reliability and Operations Research which also received formal recognition from the All India
Councll for Technica) Education (AICTE). Subscquenily, a Masier of Science programme in Quantitative
was also introduced. In ition of the excellent research work done by the scientists of the lastirute
in several aress related to statistics, the scction 4 of the Indian Statistical Instituie Actof 1959 was amended by
the Parliament in Seplcmber 1995 to empower the Institute to award Degrees/Diplomas not only in statistics but
also in h puter scicnce and such other subjects related to statistics as may
be determined by the lnsumle from time to time.
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The role and imp of ISl in ing and p ing teaching of statistics has been appreciated by
internationa) bodics as well. In 1950, the Intemational Statistical Institute had initiated the Intemnational Statistical
Education Centre (ISEC), Calcutta, joinily with ISI, 1o impart training in Theoretical and Applied Stanstics o
participants selecied from developing countrics. The centee is run by [S1 jointly under the auspices of UNESCO,
International Statistical Institutc and the Govemment of India.

Recognition of the Institute by the Act of Parliament greater gt to research

not only in stalistics and mathematics but also in various branches of the natural and social sciences, without whose
live contact, it was belicved, the methodology of statistics could not grow to its cuerent level. it is also due to this
fact that “Unity in Diversity" is adopted as the motto of the Institute. In view of these, the Memorandum of
Association of IS1 was updated first in 1976 and quently in 1995. The objectives of the Institute as laid down

in the Memorandum of Association are :

i) to promote the study and di instion of knowledge of statistics, lo develop statistical theary and
methods, and their usc in research and practicel applications generally, with special reference ta problems
of planning for national devel and social welfare;

i) to undertake research in various fields of natursl and social sciences with a view to the murual
devel of statistics and these sgi , and

i) to provide for, and undertake, the collection of infc i i i projects, and operational
research for p of planning and the imp of efficiency ofm management and production.

iv) to undertake any other ancillary activities in fulfilment of the objectives i), ii) and iit) above.

The units of academic. scientific, project and administrative service activities of the Institute were
regrouped into eleven divisions under the new Memorandum of Association (MOA) of the Institute effective from
1996.

From the early days, the Institute has been in touch with many intemationally famous scientists in
diffesent disciplines from the world over. Some of these scientists have worked in the Institute for several months
or cven longer. Sir Ronald A. Fisher, a pioncer of modem statistics, was a regular visitr 10 the Institute and lent it
considerable support. Professor J.B.S. Haldane, a gencticist of international repute, was a member o the faculty for
severa} years beginning from 1957. Al the inspiration of these stalwarts and other renowned scientists, the Institule
began 10 expand and/or undentake research activities in several areas of natural and social sciences with the hope
that collaboration under the same roof would foster the mutual development of statistics and other disciplines In
fact, the Institute stood up to Sir Ronald Fisher who called Suatistics a "Key Technology of the century, in view of
ils intimate relevance to all scientific endeavours which invoive exper and infe from
sample 10 aggregate.

Coming to more recent times, the Institute has continued to pursue its goal of attainment of excellence in
the various fields of science. Fund: | research in statistics with ils rools in applications has been the bottom
line ever since the inception of the Institute. The contributions from the Institute in multivariate analysis, design
and analysis of experiments, sample surveys, statistical methods of data analysis and statistical inference have
found their places in text books and monographs, and the tradilion continues. [n addition, probability theory and
slochastic processes have also been major arcas of rescarch in the Insutute. The theoretical mathematicians of the
Institute, in =ddition to collaborating with the statisticians, are also making fundamental contributions in several
ficlds - Topology, Functional analysis, Harmonic analysis, Atgebm, Combi ics, Quantum Mechanics, Game
Theory, to name some. The current trend of research in statistics not only cames forward lhc lndmons setup in the
Institute, but is also setting new directions, both in theory and ap in diffe

The Institute has been maintaining its tradition of high quality research and devctopment in the field of

computer science. In 1979, a microp! d signal p ing system using Fast Fouricr Transform (FFT) was
designed and developed. Keeping pace with the global ad in p hnology, the activities of the
Institute in the field of comp science gathered a 4 in the late seventies, resulting in
diversification of research in different ereas including Algorithms and Complexity, Parallel and Distributed
Processing, Fault-Tolerant Computing, VLSI, Computational Geometry, Fuzzy Sets and Systems, Cybemnetics,
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Patiem Recognition, Neural Nets, Anificial Intelligence. Image Processing, Computer Vision, etc. In recognition of
its contributions in the field of science, the G of India cstablished, in collaboration with the
United Nations Development Programme (UNDP), one of the five national Nodal Centres for Knowledge Based
Computing Systems (NCKBCS) at IS1 in the year 1988. The Institute also has the infrastructure for providing the
most modem computational environment with facilities for e-mail, internet connection, etc.

The different disciplines under the Social Sciences also continued to develop and fourish over time by
carrying out basic research as well as inter and muhi-disciplinary p In ics, the Institute has
come 1o be known as a specialized centre for its significant comnbuuons in different branches or theory and also
for siudies on such areas as Demand Analysis, Poverty and Levels of Living, Mcasurenent of Inequalitics,
Production and Prices, National Income and allied topics, Development ‘and Planning etc. In Demugraphy.,
Socivlogy, Psychometry and Linguistics also the Insutuic maintained its distinctive fealure for the focus and
emphasis on quantitative aspects. Mention may be made, in this contex1, about the pioneering theory for teaching
and training for the hearing impaired children, devclopcd by Prof. Kostic. Based on this theory the Electronics Unit
of the Institute, in collaboration with the Linguistic R h Unit and the Govemment of Tripura, designed.
developed and fabricated a set of instruments for the hard- -of-hearing children of the Institute of Specch
Rehabilitation, Government of Tripurs, Aganala. This has come (0 be regarded us having a significant i impact on
social welfare.

Plant and human biotogy have been the major areas of research in biological sciences. Both basic and
applicd research are conducted, with emphasis on il istical design and analysis. and modelling,
In the arca of plant biology. research has included quantification of nawral variability and modelling, animal
behaviour, efect of interaction of rice varieties on yield, use of protein extracied from leaves 1o <upplement human
food, mathematical modelling of ecological and embryological phenomena, etc. In the area of human bivloyy,

hes have included anthrop: ic, genetic and biochemical studies an popul atTinities. micro-evalution,
studies on utilising data on anthropometric variability in designing car se:us. human adaptation to diiTering
environments, human ecology and growth and genctic epidemiology.

Wilh o view to developing i i hodologies for collection und analysis of quality survey data,
g and collaborating with arganisations like NSSO. CSO. DoS, Planning Commission. RBI. erc.,
promoting the growth of inter-disciplinary research in statistics and data analysis iy the Instirute, and disseminating

the methedologics (old and new) to the scieatific, academic and rescarch organisations, a Sunvey Research and
Data Analysis Centre (SURDAC) has been established at the [nstitute in February 1997, Such a cenwre would
bencfit the planning p and national develop In 1995, the Plan and Policy Rescarch Unit (*PRU) was

established under the Planning Unit at Delhi Centre which has already undenaken several projects of natonal and
international importance.

Over the years, the SQC & OR Division has grown to the size of having ten operating units all over the
country and have vniquely served for promotion, education and traming and technical guidance in Tewal Quality
Mansgement Methodology, Quality Assurance Systems for the benefit of the inanufacturing and service indusmy
owver the decades. 1t has thus, as was intended, played a leading rolc in disseminalion of new concepis. methods and
techniques in the ereas of Quality and Productivity.

The Central Librory of the institute is located at Calcutta with a network extending to other
locations of the Institute: Over the years, the library of the Institute has attained the distinction of being one of the
richest libracics in the counrry p.lﬂlC\.lllﬂy in lhc ﬁeids of statistics and refated disciplines.  The library hag

developed a well-cqui graphy and Ph phy Unit. The library's qift collections include the personal
libraries of Professor P.C. Mnh-nl'molns nnd Professor Walter A Shewhart The hibrar: has been recognised as the
Depositury Library for World Bunk p i A separaie collection of bouks and josnsals in Mathematics,

Sualiviics etc., known as Eastern Regional Centre of National Board ol Ihigher Mathemutivs{ NRHNS ) has
been developed vut of the grunts from the (NBHM) . Computerization ol libray favilitics hus been taken up which
will cenainly enhance the facilities for the users. Much more is on the anvil in this direction.

The Professor P. . Mahalunobis Memorial M: & Archives, which was inauguarated on June 29,
1993 by Shri P. V. Narasimha Reo, the then Prime Minisicr of India, has been established in Amrupuli on the
Institute campus in Calcutta.
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The Documemalion Rescarch and Training Cenire (DRTC) established at Bangalore in 1962 by the Jate
Professor S.R. Ranganathan, a doyen in the field of Jibrary and information science, is engaged in resenrch,
teaching anu training in documentation and information science. The lnstituic awards post-graduate diplomas in
documentalion sciences.

An index of the comributions of the Institute is the publication of many books and monographs, in
addition to a lurge number of scientific papers in national and intermational juumnls receipt of national and
international recognitions of  very high order by the scicntisis of the Institute in terms of awards, titles, and

fellowships, and holding of prestigi p in vanous scientific organisations of higher lecaming as well
as in governmental urgamsnnom both in India and abroad. With a dymmuc group pursuing and guiding
research work in some of the most modem topics in- slatistics, math: puter science, ics and in

varivus fields of nawral and social sciences, there exists a close interaction among the scientists from all
over the world.
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During the ycar 1998-99 truining in core areas of S| Computer Sciences
and other related arcas was in full gear. The scientific and lechnical workers kept a busy schedule with research
activities, project works, case studies and proﬁ:ssionnl activities both in Theorctical and Applied Statistiscs,
Mathematics, Economics, Computer Scicnces as well as in Social, Natural Sciences nnd n lmerdnscnplmary areas.
As an interaction between Sttistics and Compuler S a novel approuch to g based on
some fundamental ideas from the scale space theory in computer vision have been developed in the Stal-Math Unit
at Calcutta. On nun-parametric estimution of curves and surfaces, a statistician freyuently encounters the question
“which observed futures are ‘really there' (thal is, Siatistically significant 2)" as upposed 10 beiny spurious artifacts
of sampling variations or noisc in the data. A graphical device. which produces colored display of Statistical
significance of different features that are describable using derivatives of a smooth curve or surface at different
scale of smoothing. has been developed.

The Plan and Policy Rescarch Unil (PPRU) at the Planning Unit at Dethi has undertaken several projects
of national und mu.rnnhonal m|ponanc: whnch include : Gcnder Bias, Group behaviour of firms; Impact of
agricultural § on g Ec C ion with ASEAN: Promoting Financial
and Technological Cooperation with ASEAN The Survey Research ‘and Data Analysis Centre (SURDAC) has
1aken up scveral lnIerlSClplln:lry rescarch prO)L‘cb cow:nng arcas such as : Statistical Modelling and Analysis of
Psychological, Physiological and Ecol ;' P data; Study ol Level of living and employment
patterns and inter relationships based on household level NSS data: Statistical analysis of personal, social and back
ground variables on academic uchievement of primary school students; Survey methodology for studics on mobile
population; Human Uterme Cervix Cancer data base : Network Approach: Numerical Simulation of Fluvial
Processes. [t is being planned to underutke several projects undr SURDAC in colfaburation wuth the NSSO. CSO,
and DOS of the Government which may include : Developing methodology to estimale the contnbution of smalt
scale industries to the GDP; Suggesting appropriate methodology, suitable in {ndian conditions for caleulation of
the Human Development Index, Gender Development Index, Gender empowerment measurement: Idennfying

reasons for the dropouts and estimaling the ed al standards reached in the couniry; Developing methodulogy
1o obtain the naternal mortality rates and birth rate, infant mortalily rate at Sub-State level. These signify the

face of statistics with planning and policy p and the G U/ Institutional eforts for welfare of
the Society.

The use of Slnnsllcal Qu.nlny Control and Reliabilily techniques, in controlling loss and cost and for
improving and aug ductivily in industries, has generated greal impetus 1o the Quality Movement in the
Country. Professor P.C. Mnhnlannbls was a Messiah of this Quality movement in India which was initiated at this
Instilute in 1948. The Institute with ils expertise in the Quality Movement since the last 50 years is providing
training and consultancy through its SQC & OR Units spread over the country in all areas of quatity management
and qualuy systems rclated 10 1SO-9000 Centification. The Institute celcbmtcd the 50 years of the SQC & OR
movement in the country by conducting & National Conf on "Busil petiti and Growth Through
Quantitative Methods™ during 06-08 Augusl,l‘)98 at Chennai, 10 review the developmenl and applicadons of SQC
& OR in these S0 years, to have a look at the cumrent scenario in the development of SQC & OR in Indian
organisations; and to discuss the further possibility of an Interface between Industry and Academia and chart-out
the Instituie’s future directions in this regard . | would like to mention here that due 1o the special effons made by
late P. N. Haksar, who was the Chairman of the Institute for 25 years from 01 November 1973 iill his death on 27
November 1998 and readered valuable service for the continuance of the Institute as 3 Centre of Excellence in the
world of Statistics, Math E ics, Computer Sciences and related areas; the Government of Indis
constituted recently the "Quality Council of India (QC1)” and the Institute has been made s permanent member of
the QCL. During the year 1998-99, servica of the SQC & OR Division for designing and implementation of
151-9000 quality systems were rendered 1o 120 organisations, The crash prog for "Training of Trainees”
undertaken as the "Quality Mission Project” during the 8th Five Ycar Plan i is commumg in the 9!]\ Five Year Plan
period with some change in focus, on training prog; and systems impl to industrics such ss
Leather; Food Pro:essmg‘ Gems nnd Jewell:ry. Scmu Sector, Small Scale Industries, Environment and Quality
System Impl Tor financiel services, including Banks and Health Management cic. Efforts for expont of
our consultancy service have been initisted.
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In research in Computer Science, a new technique for the High Performance Routing of multichip
modules has been proposed by the ACM Unit. The new algorithm has been tested on standard bench marks, and it
has been abserved that it out performs the results of the existing aigorithms with respect to via Count, wire length,
cross talk and delay in signal propugation. The first Bangla Script Optical Character Recognition (OCR) system
built by the Institute scientists in CVPR Unit can now automatically read pages of Bangla books printed by reputed

blishing house. The devel of Devnagari (Hindi) OCR System is also ncarly completed. The two sysiems
are now being integrated to make a bi-seripl, bi-lingual OCR thal will cover the most popular scripts of the
sub-continent. The MIU undertook extensive study on chaotic dynamics in amﬁcrai acural models to dcmonslrale
their effectiveness for brain modclhng A fast and ic Image Ci hni for
pplications has been developed using Markov operators and fractal Mathemalics. The ECSU made significant
progress on Remote Sensing and Data Analysis in Aimospheric Seience and wave propagalion.

m O,

Important contributions have been made by in ic theory, trade
econometrics, health sector reforms, dynamical sysicms, finance, poverty and human development indices and
agricultural economics.

The Instirute also undertook several exlemally fund:d pmjctls of National and lmcrnanonal importance
from difTerent g and non-g I ional Or

In the project "Genomic Diversity in Indian Populations : Investigation through Bio-Technological Tools
in Eastern Indian Populations” (Jomlly with DBT, Gol, IICB, SINP) the AHGU made considerable progress.
Through the analysis ol | and mitochondrial DNA markers of various ethaic groups of
India, the igators have provid i d hi

evidence of prehistori graphic human ions in India, migrati

of humans from India to South-East Asia etc. The study has alrcady attracted wide autention and received
appreciation during the recent-Indian Scicnce Congress. The Planning unit al Delhi completed the project on
*Counting the Poor” of the DOS, GOI. The most important conclusion of this study based on the NSSO data, is
that, “there has been a decline in the incidence of poverty and in the condition of the poor, in 1993-94 over ihat in
1987-88 al the a1l India leve! irrespective of the poverty line used. There is a perceplible decline in the Head Count
Rutio (HCR) for both rural and urban sector when considered separately”.

The other cxlcmally fundcd pm]ecls include : Environmental Management Capacity Building Technical
Assi Project - Comp (Ministry of Environment and Forests & IDA, World
Bank): Health Smor Reforms : An Evaluation of Impact and Patierns of Unilisaton Among Vulnerable Groups in
the Three Indian Stales (AP, TN, WB) (Ministry of Health and Human Welfar¢ and European Commission);
Software Devel for Cryptanalysis (DRDO): E,-semigroups and Dilation Theory (INSA); New Techniques
for Fast Image Compression based on Human Vision Systems and Geometric Data Structures (INTEL Corporation,
USA) : Strengthening Local G : The casc of Madhya Pradesh (PWI1, Govt. of Madhya Pradesh). Risk
Analysis of a Coal Supply Agreement (Coal India Lid.); Compilation and Optimisation for Re: bl
Coprocessors (IRISA, France); Bilingua! (Bangla & Dcvnagari) OCR System Development (DST); Tracer Study
of ITI Graduates (Ministry of Labour, GOI): Indepth Studies on the Levels of Development of Scheduled Casts
and Scheduled Tribes (Ministry of Welfare, GO1): Development of 4 Spell Checker and Morphological Processor
in an Indian Language with Speech Support for the Blind (DoE, Gol): Devclopmcn( of a Real-Time Intelligent
Decision Oulput System for Range Safety (DRDO); A Ncuro-Fu2zy tmage Recugnition System : Methodol
Development for Forensic Applications (CSIR); A Study of Mathematical Techrtiques in Water Wave Problems
(CSIR); Develop of Statistical Technique as an Aid to Geological Mapping (CSIR); Cancer Management in
Soft Computing Paradigm (CSIR); Studies of the PBL Dynamics using Sodar and Towar Data and to predict &
Scaler Transport Model for the Monsoon Periods (DST); Large Amplitude lon & Electron Acoustic Waves in
Relalivisic Plasma (DST); A Neuro-Fuzzy lmage Based F: rk for Diagnosis and Therapeutic Planning using
Mulimodality Medical Imaging (DST); Develop of Methodologies for Self Organising Fuzzy Logic
Controllers with special emphms on Neuro-Fuzzy Techniques, Genetic Algorithms and Sluhlhly Annlym (DSTY
Savings and | diation in the Indiun E - A structuralVvector Auto Regression Model
(RBI); Evaluation of Rainfed Farming Project (ODA, UK): Chul\l,c in Livelihood Trajectories (UEA. UK)
Sustainable Livelihood Studies under Environmental Stress in Eastem Plateau of India (UEA. UK), Rive Bused
Cropping System Studics in Rainfed Regions of Eastern Indian Plateau (IRRI); Development of CAD Touls for
Identification of (i} Logical Equivalence of Library Elements & (ii) False Path in Switch Level Network (Motorola
& T, Kharagpur), Molccular Episiasis and the Human Globin Gene Clusters with speciul reference to
Hacmoglabinopathics in Eastern India (DBT, Gol); Genetics of Quantity Traits of Commercial Importance of the
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Silkworm (CSB); Survey of Possibilities & Problems of Smali Industries in Birbhum district (Govt. W.B, ); Total
Literscy Campaign (TLC) project in Calculla Munlcml Corpomlon area (CMC); TLC project in Purulia district of

West Bengal (Govt. of W.B.), of C ion in the district of South 24-Parganas (Govt of
W.B.); Algorithm Development for Natural Llnguage Processing (IILCA, Tokyo University of Asian Srudies.
Japan), Algorithm Development for Pattemn R ition & Jmage P of Biomedical Pictures (GDF.
Munich, Germany), Mid-Term Review of Family W:ll’nre Project IPP-VIII, Cllcum (CMDA); Application of
Fractal and Muliifracual Techni in the P ing of A heric Data Image (DST); Development of (mage
P g Techni for Imp d Wind Esti using INSAT Cloud and Water Vapour Imageries (ISROX
Q | and Pathological C: ints on the Evolution of Granulite Green Stone Contact around Parkmal, Orissa

(DST); Interuction of Water Waves and Structures (CSIR), Chemical Communication of the Big Cats, Tiger.
Leopard and Cheetah (CSIR); Development of Sofiware for creating Bioliographical Records based on OCR
Technology (NISSAT, DSIR).

In appreciation and recognition of the high standards of research and scientific excellence maintained by
the researchers and scmn(ms of the Institute, sevcnl faculty and SCltnlISl; of the Insunnc received laurels in the
form of awards and fell ps from Insti ions of Nattonat and | ional repute.

Professor J.K. Ghosh, Jawaharlal Nehru Professor and Professor K.R. Parthasarathy; INSA C.V. Raman
Professor in the Institute and Distinguished Scientist, Professor B.L.S. Prakasa Rao: the recenily appoinied
distinguished Scientists Professor B.V. Rao, Professor K.B. Sinha, Professor T. Parthasarathy, Professor S.K. Pal
are with us by providing academic leadership at the In;mulc Several olher colleagucs and young faculty have

reccived young scientists award and fell ip. i p awards from scientific boards such as
INSA, Indian Academy of Science etc.

It has been a practice of the Institute to share its expertise and its facilities with colleagues and scientists,
researchers and teachers [rom other Institntes, universities, colleges and rescarch and scientific organisations,
Following this view, various national and intemational confe inter schools, symposia, scminars
and workshops were held during the year to disseminate resulls obtained as well as to sirengthen the research,
project works, case smdlcs and consultancy and professiona) work ol the Inslitute with fresh ideas and methods.
Several i orkshops have been held during 1998-99 which emphasis the basic role of
statistics as & key technology,

The Stat-Math Division organised an [nterdisciplinary winter schools on “Statistical Methods in Medicine,
Health and Environmenial Issues” und Transtormaltion Groups™, workshops on “Variance Components Estimation
und Optimal Designs" at Calcunia; and an International workshop on “Recent Advances in Operator Theory and
Operator Algebra" i Bangalore Centre, Regional and Natiunal Mathematical Olympiad at Calcutta and the Nurture
programme of the NBHM for Indian National Mathematical Olympiad Students at Bangalore Centre. The Applied
Statistics Division conducted a summer school on “Small Arca Estimation” and the UGC Refresher Course (PG
levet) at the all India level for rescarchers and post graduate students. The Social Sciences Division organised &
mini conference on "Application of Recent Advances in Quantitative Techniques to Indian Econmic Studies’ by the
Economic Analysis Unit at Bangalore Centre. "The Indian and South Asia Econometric Society Conference” st
Deihi Centre, a national conference on “Aims of Computational Linguistics” and a seminar on “(M]other Tongue
Syndrome : The Case For Or Against the Introduction of English in the Primary Level of Education in West
Bengal” by LRU at Calcuita.

The Computer and C Sci Division ised two-month |
“High Performance Computing” by ACMU and "Image and Shape Analysis* joinily by CCSD, Stat-Math, u\d
Applied Statistics Divisions al Calcutta. The latter was the first such workshop under the twinning arrangenient
betwccn lSI and the University of Leeds, UK. These two workshops were atiended by leaders in these ficlds who

ised on the imp of statistics in the era of compuung and on the interface of siatistics und computer
science. The Instiute also d the National Sy on “A tic : Speech, Music and Noise
Pollution” with Sangeet Research Academy and the Acoumc Society of India. The SQ(‘ & OR Dirision held »
National Conference celebrating 50 years of SQC & OR movement in India on "Business Competitivencss and
Grawth Through Quantitative Methods" at Chennai. The SQC & OR Division held a winter school on "Design and
Analysis of Experiments” at Hyderabad branch. The Library, D ion and | ion Sciences
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Analvsls nl‘ Blpenmems a Hydmlnd branch. The Library, D ion and L Division
da pon 18 " and a Short Course on "Computer Applmnon: a1 Bangalora

Centre.

The Institutc inviles a distinguished statistician every altenate year 10 deliver the prestigious Mahalanobis
Memarial Lecrures at Calcutts and ot the centres at Dethi and Bangalore. ‘Thess leclures were d_ehvcred this year

by Professor C.F.J Wu, H.C. Curver Professor of Stalistics and Prof Inat | and Op
The University of Michigan, Ann Arbor, USA, during 26 February 1999 to 08 Mnn:h 1999, The main theme of
these thought pmvokmg disciplinary tatks was "Statistics, Data Science. E: | Designs™. Professor Wu

delivered a series of lectures on (i) Statistics - Data Science, (i) "A Systzm of Experimentul Design™ (view on
experimental designs, their classifications, som: very novel idea) (iii) “Indusirial Experimental Design : Box,
Taguchi and Beyond" (applicd engineering / science uriented old an new siategiea), (iv) "Exploration of Complex
Aliasing in Non-Regular Designs" (topical and futuristic looking).

Regarding the teaching and wraining activities of the [nstilute, during the year 8164 candidates
applicd tor admission to various courses offered by the Institute including B.Sts1.(Hons.), M.Stat(M & S Streams ),
Masier of Science in Quantiative Economics, M.Tech ( Computer Science ), M. Tu:h (Quality, Rchlhlhly
and Operations Research) etc. A lofal of 6260 candidates finally apjicared for the admi lests
different centres all over the country. A totl of 527 candidates qualificu for interview for final selecuon. Based on
the academic record and performance in the written fests and interviews, a total of 220 candidatcs were offered
Admission 10 various courses leading to the degrees and diploma during the scademic session under review. It
may be joned here that d by the recent d of the ISI Act of 1959, by the Parliament of India
in 1995 whlch cmpowcrcd the lnsuluu to award degrees and diplomas not only in statstics but also in

puter sciences and other subjects related to statistics, & (wo year Master
Degree Course in Quantitative E ics was introduced by the Institute in 1996 to meet some of the needs of the
country for development of human resources and research, and the first batch of students who had completed this
course 1n July 1998 were awarded their degrees (M.S. in Quantitative E ics) in the 33rd ion held on
02 February 1999. The Convocation address was delivered by Sir Wallr.r F. Bodmer, F.R.S. The B. Math (Hons.)
course is being planned to be introduced in the near future 10 train students rigorously to enable them to study M.
Math courses and to acquire a good background in mathematics for leaching and research in Mathematics,
Suustics, Computer Sciences and related sreas. The teaching and lrmmng division is undertaking a multimedia
rescarch project (o develop course material for introductory courses in statisties at dary and higher dary
levels.

Recruitment of faculty and jal scientific, technical and administrative staff based on the minimal
needs of the Institute is in progress. Academic leave rules have been formulated in the Institute. Further, the
Council of the Institute adopted revision of the rules of the Institute goveming scientific works financed by bodies
other than the Institute. Certain medical benefits for the retired colleagues of the Institute were introduced.

The 1} ional Statistical Education Centre (ISEC) is run by the Institute as an Associate
Body/Institutuion under the My dum of Association of the Institute jointly with the International Statistical
Insmule under the sponsorship of the UNESCO and the Government of India since 1950. During 1998-99 the
Centre conducted its fifty-second term with 16 foreign tralnees. The fellowships under the Special Commonwealth
Alfrican Assistance Plan (SCAAP) of Government of India which were withdrawn from the ISEC during the Jast
few years have been reintroduced and several candidates were admitted under the SCAAP/ ITEC programmes.

As far as the Non-plan grani for 1998-99 is concerned, increase has been given by the Govemment for
payment of revised salaries to non-facully and faculty workers including those in the library, except amrears for
retired workers and pensioners, subsequent upon the revision by the Council of the Institute of non-faculty pay
scales based on the Fifth Central Pay Commission and faculty pay scales based on UGC end other Pay scales and
the Government of India decisions in these regard. The approved plan budget for 1999-2000 is exactly the same as
that approved for 1998-99 by the Gavernment.

Construction of the New Guest House, # long felt need, at Calcutta has been completed in December 1997

and severa) International and National Conferences/Workshops held from January (998 onwards used this facility
extensively, An additional floor of the hostel building at Bangalore Centre has beep constructed. The construction
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of an Administrative Building st Delhi Centre is making good progress and is to be completed by December 1999.
Equipment for modemisation of the printing press has been bought. Upgraded Intemet contections for research

work were installed at the Head Quarters at  Calcutta, as well as at the Centres in  Delhi and Bangalore. The
campus wide computer nelwovking at Cllcutu using optical fibre was completed. The PCM Museum & Archives
is expected 10 be completed in the | year 1999-2000. Several new constructions at Calcuna including those
of Faculty Quarters, Bank and Post-Office Building, New Academic Building and Canteen Building have been
started.

Passion for Quality should permeate afl aspects of human life and isati In the new
and in the next millennium, the Institute has a dynamtc role to play in the furtherance of the excellence of the
Institute in the ing areas of h, includi Statistics, Small Scale Industries, Ecology exc.
especially relating to the national development and social and human welfare. Our Institute is nationally and
m(emnonnlly mcognlsed as a centre of 1l both for its ibutions to th ical and applied statistics,
and computer sciences and social and natural sciences and mlerdusmplmary research areas
as \Acll as for lhclr apphcnuons and several interf: of Statistics-Industry, istics-other sciences.
S Interdi: y Siatistics- lemng. Govemmental efforts and welfare of the society, Statistics
- Computer sci s and i i h Statistics in the Era of C: ing. We all pledge to uphold the
standards and keep the banner of recognition hlgh "UNITY N DIVERSITY hes been our motto. "PASSION
FOR QUALITY" should p all our activities. Statistics as a key logy has a morc dynamic role io play
in the next millennium.

March 31, 1999 S.B.RAO
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Part . Teaching and Tralning, Convocation, Research and Publications

1. TEACHING AND TRAINING
Degrees and Other Courses

A brief account of teaching and training activities of the Teaching and Training Division during the period
from April 1998 to March 1999 is given below :

During the academic session 1998-99, a total of 8164 candidates applied for admission and were called for
written selection tests for the various courses offercd by the Institute, viz., B.Stat. (Hons.), M.Stat. (M-stream and
S-stream), Master of Science (M.S.) in Quantitative Economics, M. Tech. in Computer Science, M.Tech. in
Quality, Reliability and Opernuons Remn:h Two-yur Pm time Post-Graduate Diploma in SQC and OR
(Chennai), R h Fellowships in S ics. Computer Science and Communication
Sciences, Theoretical Computer Science, Theoretical Physics and Applied Mathematics, Anthropology, Geology,
Socxology Biometry and Smusucal Quality Control and Operations Research, One Year Part-time Course in

Methods and Applications and the Certificate/Diploma course in Computer Programming and
Applications. Admission tests were conducted at 21 different centres spread all over the country. A total of 6260
didates finally appeared for admission tests and a total of 527 candidates wha qualified in the wrinten tests were

called for interviews. Based on the performance in the written tests and the interview, 200 candidates were offered
admission to various courses.

The number of candidates admitted to the different degree, diploma and training courses in 1998-99 and
the number of students who passed in the annual examinations in 1998 are given below.

Thirty two trainees in Engincering and Technology from various Universities/ Institutes like (i} Indian
Institute of Technology, Kharagpur (ii) lndlan lnsurute of Technology, Mnmhn.(m) Vallabhbhn Regional of

Engineering & Technology, Sumat (iv) R gi g College, Rourkella, (v) Uni y College of
Engmeenng Burla, Smbalpm (VI) Indian Institute of Smnce & Information Technology, Bhnbancswal (vii)Assam
Engi g College, G (viii) Regional Engi g College, Durgapur, (ix) Jadavpur University, (x) Utkal

University, (xi) Jorhat Engineering College‘ (xn) Nagarjuna University, (xiit) Indira Gandhi Institute of
Technology, Sarong, (xiv) PVR & JC College of Engineering, Guntur, received a two-week/six-week/six months
M.C.A. Engineering/practical training in Computer Science in the different units of the Institute,

Development of multimedia-based teaching aids
The Teaching and Training Division has started a project on developing multimedia-based p

for instructional purposes. In the first year of the project, a multimedia laboratory has been set up with three
computers, two printers, some audio-visual equip and some soft The production of a p ion on
Introductory Statistics for school students has started. A twelve-minute pilot module has been devcloped When

pleted. this p is expected (o help school teachers in explaining the basic concepts of statistics to
their students, and to popularise the subject among school students. In # related work, the multimedia laboratory
has created a poster highlighting the various features of the B.Stat +Houours) course. Several thousand copies of
this poster were mailed to various high schools in the country.
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NUMBER OF STUDENTS ADMITTED AND PASSED IN DIFFERENT COURSES

—Number of students.
Course Passed Enrotled in
in 1998 1998-99

n &3] 3
Degree
1. Bachelor of Statistics with Honours
(( B.Stat. (Hons.))
Ist year 20 25
2nd year 13 20
3rd year 36 13
2. Master of Statistics (M.Stat.)
Ist year {M-stream) - 10
Ist year (S-stream) 34 47
2nd year 43 M
3. Master of Science in Quuntitative Economics (M.S.)
I'st year 16 n
2nd year 15 16
N M.Tech. in Computer Scieuce
Ist ycar 25 32
2nd year 26 25
s. M.Tech. in Quality, Reliability and Operations Research
Ist year 12 X}
2nd year 12 12
Centificate/Diploma
6. Course on Operation and Prog) g of A
Data Processing Equipment
Ist year - -
2nd year 14 -
2 Computer Programming and Applications
Ist ycar 15 10
2nd year - 13
3 Part- time Certificate/Diploma Course  tatistical

Quality Control and Operations Researcn

Chennai -
11 year
2nd year -
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(1)) 2) 0]
9. Course in Documentation and
Information Science (Bangalore)
Ist year - 6
2nd year 6 6
10. One Year Part-time Course in Statistical
Methods and Applications
Calcutta 1" IS
Dethi - -
Hydersbad - -
1. Six-month Part-time Course in
Statistical Quulity Control
Bangalore [luly.-Dec. 1997] 12 15
Bangalore [January - Dec. 1998] 20 21
Hyderabad July - Dec. 1997] 14 -
12, Intensive Course in Prog ing and
Applications of Electronic Computers 14 -
13. (a) Statistical Assistantship [Nov. 1997] - 0l
(b) Junior Diploma in Statistics [ April 1997) 0l N
(c) Senior Diploma in Statistics [Nov. 1997) - 0s
Fellowships
14, Junior and Senior Research Fellows, and
R h Associates in different discipli 08 3
GRAND TOTAL 367 423

*Number of scholars who joined in 1998.
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Ph.D. Degrees Awarded in 1997

(A) Ph.D. Degrees awarded by the Institute :

i) Dipak Kumar Manna : “On CTV Minimization in Single Machine Scheduling
Supervisor : V. Rajendra Prasad, IS, Bangalore
ii)  Kaushik Bhattacharya : "Employ Fl ion in Rural India : A Sitistical
Analysis with special rfe to Mak

Supervisor : D. Coondoo, ISI, Caicutta

iii)  Srabani Sengupta : “New Topologies and Paralle} Algorithms for
static interconnection Network"
Supervisor : B.P. Sinha, 1S], Calcutta

iv) Punem Kumar Saha “On Three Dimensional Digital Topology and its
Applications to Image Proessing”
Supervisor : D. Dutta Majumder, 181, Calcuna

v)  Srinivasan Balaji : "R and Transience of Reflecting Diffusions”
Supervisor : 8. R L ian, 1S1, Bangal
vi) Rama Rawat : “The Pompeiu Problem and Analogues of the Wiener

Taubenian Theorem for certain Homogeneous Spaces
Supervisor : A. Sitaram, ISI, Bangalore

vii) Sudeshna Basu : "The Asymptotic Norming Properties and Related
Themes in Banach Spaces”
Supervisor : A.K. Roy, IS], Calcutta

viii)  Saswati Bhattacharya : "Some Problems in Estimating Finite Population
Total and Variance in Survey Sampling”
Supervisor : P. Mukhopadhyay, ISI, Calcunta

ix) Jayati Ghashal : “Neoro Fuzzy Reasoning for Pattern Classification
& Object Recognition”
Supervisor : K.S. Roy, ISI, Calcutta

x) Neeta Pandey : “The Fixed Point [ndex as a Local Lefschetz Number”
Supervisor : K.K. Mukherjea, iS1, Calcutta

xi) Rudrapada Sarkar : “Wiener Tauberian Theorems on Semisimple Lie Groups®
Supervisor : S.C. Bagchi, IS, Calcutta

xii) Umapada Pal : *On the Developoment of an Optical Character Recognition
(OCR) system for printed Bangla script”
Supervisor : B.B. Chaudhuri, ISI, Calcura

xiii)  P.K. Ratnakumar H °On Some Problems Related to Hermite and Laguesre Expansions®
Supervisor ; S. Thangavelu, IS], Bangalore
(B) Ph.D. degrees ded by other Universities to the R h Fellows of the Institute :
i) Sojen Joy ;' "Kinematics of Deformation and Quartz C axis fabric in a part of the

Singbhum Shear Zone and its Footwall, Singbhum District, Bibar®
Supervisor : Dilip Seha, ISI, Calcutta
(Awarded by Calcuta University)
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i)

iii}

iv)

v)

vi)

(A)

Madhusree Ghosh Dastider :

Mita Misra

Biswanath Sarkar

A.R. Chakraborty

Bhaswati Bhartach

"A Study on the Correlates of Morality in Two Religious
Groups Inhabiting Calcutia Slums”

Supervisor : Ranjan Gupta, IS, Caleutta

{Awarded by Calcutta University)

"Food Practices in some Contrasting Populations of
Southem West Bengal, India

Supervisor : Amitava Basu, [SI, Calcutta
(Awarded by Calcutta University)

"Biological Anthropology of the Onge : A Negrito
Isolate of the Andaman {sland, India"
Supervisor : K.C. Malhotra, IS, Calcutta
(Awarded by Calcuna University)

"Software Quality Testing and Remedies"
Supervisor : T.S. Arthanari, IS, Bangalore
{Awarded by ISc., Bangalore)

ar i

Jya

| Growth Study of two Freshwater Indian
Major Carps. Catla caila and Cirrhinus mrigala Reared
in the pond and in controlled faboratery conditions
during the early stages of their development”
Supervisor : T.K. Basu, IS, Calcutta

(Awarded by Jadavpur University)

Ph. D. Degrees Awarded in 1998

Ph. D. D2grec. rwvarded bv the Instirute :

t. Tridib Kumar Dutta

2. Sripamna Bandyopadhyay

3. Debasish Das

4, Sanghamitra Bandyopadhyay :

5. Diganta Mukherjee

6. Biman Chakraborty

7. Sreela Gangopadhyay

"Construction of some Combinatorial Designs
Arising out of Stalistica! Experiments”
Supervisor : B.X. Roy, ISI, Calcutta

“On Lipschitzian INS and connected Matrices
in Linear Complementarity Problem"
Supervisor : T. Parthasarathy, IS1, Delhi

"Static Interconnection Networks and Paralle! Algorithms
for Efficient Problem Solving*
Supervisor : B.P. Sinha, IS1, Calcuna

“Panem Classification using Genetic Algorithms™
Supervisor : S.K. Pal, IS1, Calcutta

"Essays on Deprivation, Poverty and Well being™
Supervisor : §.R. Chakravary, IS, Calcura

"Multivariate and Regression Analysis Based on the
Geometry of Data clouds”

Supervisor : P. Chaudhuri, ISI, Calcutta

"Studies in Strategic Probability”

Supervisor : B.V. Rao, ISI, Calcuna
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(B) Ph.D. dugrees awarded by other universities to the R h Fellows of the Institute :
|. Debashis Bhatacharya : "The Saraks : Smudy of & litile known community in Purulia,
West Bengal™

Supervisor : P. Chakrabonty, iS1, Calcutta
(Awarded by Calcuita University)

2. Natabar Shyam Heman  :  "The Changing Paterns of Resource use and its Biosocial
tmplicutions : An Ecological Study among the Gungtes of Mompur”
Supesvisor : B.M. Reddy, IS, Calcutta
(Awarded by Calcutta University)

3. Sampa Roy (Bhattacharya) : "Observations of Fibro Calculous Pancreatic Diaberis (FCPD)"
Supervisor : S.Gupia, IS, Calcuna
(Awardcd by Calcutts University)

4. Padmn V. Upadhyay 1 “Development Information Support to Rurul end users®
Supervisor : LK Ravichandra Rao, ISl, Bangul
(Awarded by Mysore Universiry)
S. Geetha Sectharam : “Science Indicators to Srudy and Analyse the Scientific Literarure

in Food Scicnce and Technology with and Emphasis on CFTRI's
Research Publications
(Supervisor : LK. Ravichandra Rao, ISI, Bangulore

(Awarded by Mysore University)

6. Sarmishthu Das : "Chemical Characterization snd Utilization Potential of some
Lignocellulosic Plant Wastes with special reference to LP
Technology”
Supervisor : S. Chanda, ISI, Calcuita
(Awarded by Calcuta University)

International Statistical Education Ceatre (ISEC), Calcutta

The 1 ional Statistical Education Centre was established in 1950 and 1s operated jomily by the
International Statistical Institute and the Indian Statistical Institute, under the auspices of the UNESCO and the
Government of India. The Centre functions under a Joint Board of Directors. Professor P.C. Mahalanabis was the
Chairman since the inception of the Centre in 1950 until his death in (972. Since then Professor C.R. Rso has been
the Chairman of this Board.

The Centre provides training in Th ical and Applied Statistics a1 various levels to selected participants
from the countries in the Middle-East, South and South-East Asia., the Far East and the Commonw ealth countnes
in Alfrica.

The Centre offers a ten-month (June to March) Regular Course of training every ycar. The Course is
divided into two parts. The first eight months are devoted to training on gencral statistival mclhods including a
six-week training in Official Statistical Systems conducied by the Ceniral Statistical O G of
India, New Delhi. During the remoining two months, each trainee specializes in one selected branch of applied
mushcs. like Lalge Scale Surveys, Data Processing, Economic Planning, Statistical Quality Contro) aod
Op R h and Vital Statistics and Demography. The course comprises lectures, practical work amd

nsngnmcnls. field visits, and guided reading.

In addition to the Regular Course, a few persons are admitted on an individual basis, for special courses of
varying durations and in difYerent subject-fields.
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Op R h and Vital Statistics and Demography. The course comprises lectures, practical work and
nsslgnmems field visits. and guided reading.

In addition to the Regular Course, a few persons are admitted on an individual basis, for special courses of
varying durations and in differcnt subjeci-fields.

ISEC successfully completed its Iraining program of 52nd term of the Regular Course. This year, there
were sixteen trainces from nine countries viz. Sri Lanka (1), Maldives (3), Philippines (1). Cambodia (3), Bhutan
(1). Korea (1) Myanmar (1), Nepal (2) and Uganda (3). All of them have successfully compleied the course and
have been awarded Slatistical Training Diplomas. Only one Lrainee from Mangolia has been admitted to the special
course. This course will continue till March 2000.

Professional Examinations in Statistics

The Indian Statistical Institute holds Professional inations in Statistics in the theory and practice of
analysis of statistical duta for external candidates for the award of the following diplomas :

1. Junior Diploma in Statistics
2. Senior Diploma in Statistics

These cxaminations are separate from, and independent of the examinations held for the award of degrees,
diplomas and certificales on the basis of training given by the Institute.

The Govemment of lndia recogaises the Junior Diploma in Statistics as equivalent to Bachelor's degree in
Statisties and the Senior Diplom in Slalistics as equivalent to a Master's degree in Smusucs
These inati are held days twice in a year usually around ApriMay and

November/December al different cities in India (Bangalore, Calcutta, Chennai, Delhi, Hyderabad, and Mumbai).

Shown below are the details regarding the registered candidates for the June 1998 term.
Number of candidates (in June 1998)
Examinati Registered Appeared Passed
1. Junior Diptoma in Statistics (JDS) 63 31 16
2. Senior Diploma in Statistics (SDS) 8 s |
The number of “Passed’ candidates refers to those who passed in one or more papers, not only those who
pleted the ination. The of candidates enrotled for the May 1999 term are 56 and S for JDS and
SDS, respectively.

Preparation of the model -answer booklets for the compulsory papers in Senior Diploma in Statistics and
two papers of Junior Diploma in Statistics is also under way.

Th: cumnlauve total number of cnndndlles who have qualified for the award of the Diplomas in the
Profe in$S i g those who qualified in June 1998 term is 281.




2. CONVOCATIONS
Thirty second convocation

Indian Statistical Institute held its Thirty Second Convocation for awarding the Ph.D., M.Tech. (Computer
Science), M.Tech (Quality, Reliability and Operations Research), M.Stat., B.Stat. (Hons) degrees and Diplomas,
Associateship etc. on 29 June 1998.

Professor M.G.K. Menon, FRS, President of the Institute presided over the Convocation and awarded
Degrees, Diplomas, Associateships and Awards to the students. Professor S.B. Rao, Director of the Institute
presented  the annual review of teaching & taining activities of the Institute. Hon'ble Justice Shri M.N.
Venkatschaliah, Chairperson, National Human Rights Commission, delivered the convocation address.

The numbers of students who obiained Degrees, Diplomas, Associateships and Awards in the Convocation
are given below :

Degree/Diploma/Associateship Number of candidates
Doctor of Philosophy (Ph.D.) 3
Master of Technology (M.Tech.) in Computer Science 7
Master of Technology (M.Tech.) in Quality, Reliability & Operations Research 12
Master of Statistics (M.Stat.) p
Bachelor of Statistics (Hons.) [B.Stat. (Hons.)) 2
Associateship in D ion & Inf jon Science 8
Diploma on Operation & Prog ing of A ic Data Processing Equip 12
Part Time Diploma in Statistical Quality Controt & Operations Research, Chennai 4
Professionsl nations in Statisti
Junior Diploma in Statistics 1
Total : 149
AWARDS
1. Award of Mahalanobis I ional Symposium on Statistics Prize to the most outstanding M.Stat.
student of the Institute :
Lakshmi Iyer

2. Award of ISI Alumni Association and Mrs. M.R. Iyer Memorial Prizes to outstanding students of the
Institute :

B.Stat. (Hons) : Debashis Paul

M.Stat. :  Partha Sarathi Chakraborty
M.Tech(CS) : Debashis Sarkar.
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Thirty third convocation

Indian Statistical Institute held its Thirty third convocation for awarding the Ph.D., M.Tech. (Computer
Science), M.Tech (Quality, Reliability and Operations Research), M.Stat., B.Stat. (Hons.) degrees and Diplomas,
Associateship etc., on 02 February, 1999.

Professor M.G.K. Menon, FRS, President of the Instilute presided over the Convocation and awarded
Degrees, Diplomas, Associaleships and Awards (o the students. Professor S.B. Rao, Director of the Institute
presented the annual review of teaching & training activities of the Institute. Sir Walter Fred Bodmer, FRC Path,
FRS, Principal, Hertford College, Oxford delivered the convocation address. In his address Sir Bodmer highlighted
how Statistics plays a key role in understanding the fundamental nature of the disease and how it may help in the
research towards preventing and treating cancer.

‘The numbers of students who obtained Degrees, Diplomas, Associateships and Awards in the Convocation
are given below.

Degree/Diploma/Associateship Number of candid:
Doctar of Philosophy (Ph.D.) 7
Master of Technology (M.Tech.) in Computer Science 23
Master of Technology (M.Tech.) in Quality, Reliability & Operations Research 13
Master of Statistics (M.Stat.) 28
Bachelor of Statistics (Hons.) (B.Stat. (Hons.)] 15
Associateship in D ion & Infi ion Science 36
Diploma on Operation & Pro ing of A ic Data P ing Equip 5
Pan Time Diploma in Statistical Quality Control & Operations Research, Chennai 14
Profe | Examinations in Statisti
Junior Diploma in Statistics 1
Total : 142
AWARDS
1. Award of Mahalanobis I jonal Symposium on Statistics Prize to the most outstanding M.Stat.
student of the Institute :
Amab Chakraborty
2. Award of ISI Alumni Association and Mrs. M.R. lyer Memorial Prizes to the ding students of

the Institute :
B.Stat. (Hons) : Gopika Ranjan Goswami
M.Stat. : Antar Bandyopadhyay

3. Award of IST Alumni Association Rashi Ray Memorial Medal and M.R. Iyer Memarial Prize for
outstanding performance in M. Tech. in Computer Science.

Nirmalya Barat
4. Award of ISI Alumni Association Prize for ding perf in M. S.in Quantitative
Economics.

Sayandeb Banerjee
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3. RESEARCH AND OTHER SCIENTIFIC ACTIVITIES

The major thrust of the Institute is on research in various discipli g Tt ical and Applied
Statistics, Mathematics, Computer Sciences, Biological Sciences, Economics and other Social Sciences, Physical
md Emh Sclences, Suusnc:l Quality Control and Operations Research and Library, Documentation and
ists of the Institute carry out independent research in their own basic discipline and
also undertake interdisciplinary research in collaboration with other units within the Institute and also with outside
organisations. The Institute also takes up various intemally and extemally funded projects in diverse fields on
challenging live problems of national and international importance. As a part of research activities, scientists of the
Institute are involved in consultancy work es well. For academic and administrative convenience, a number of
Divisions (each division having one or more units) have been formed which are listed below :

1) Theoretical Statistics and Math

2) Applied Statistics
3) Computer and Communication Sciences
4) Physics and Earth Sciences
5) Biological Sciences
6) Social Sciences
)] Statistical Quality Control and Operations Research
8) Library, Documentation and [nformation Science

In addition, there is a well equiped Computer and Statistical Services Centre (CSSC) which manages the
central computing system, c-mail and internet facilities and provides compuling and statistical services to
researchers.

Computer networking within the Institute at Calcuna has been completed and researchers, students,
scholars etc. can now access the computing facilities from any terminal. The nerwork provides computing on Vax
8650, Sun Ultra, DEC Alpha, SGI and IBM AS400 platforms. As a part of computer neiworking, all faculty

bers have been provided with individual PCs, d to the network, in their offices. Delhi and Bangalore
Centres of the Institute have also similar facilities.

A brief account of the research activities in different divisions and units during the year is given below :

Theoretical Statistics and Mathematics Division

The Division with units in Calcutta, New Delhi, Bangalore and Hyderabad has a major role in teaching
Probability, Statistics and Mathematics in the B. StaL. (Hons.), M. Stat., M. Tech. (QR & OR) and other courses of
the Insiitute. The Division also conducts courses for 3-4 semesters at an advanced level for research fellows
encolled for Ph. D. degree of the Institute. The unit in Calcunta regularly conducts a weekly colloquium with
speskers both from within the unit and outside. The DlVlSIOn regularly conducls workshops, summer / wmlu
schools, refresher courses and conft with i jon from academics from various I
both in India and abroad, funded by exlernnl agencm s well as by the lnsmute The rmarch activities of the
Division are in Probability Theory, Th hastic Modelli
and various branches of pure mathemalies such as Algebra, Functional analysis, Combi | theory, 10 mennon
some broad areas. Several members also provide statistical consultation o other units in ISI or other organizations.
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Some of the areas of research and contributions from various units are given below :
Calcutta Unit

The aculty members are actively engaged in research and applications. The Unit also undertook several
projects.

Research Activities
Theoretical Statistics
The major areas of research were: A ic theory in istics, S ial Analysis, Bay
Infemloe Ranking and Selecuon. Cnmer Rao type Integral Inequalities, Mullivariate Analysis. Non-parametsic
Infe in Si ional Data Analysis, Optimal Designs and other aspects of

cxpenmenlal dcslgns. Survey Snmplmg. Survnvnl Annlysns Time S:nes Analys:s. Boolstrap, Jackknife and other

pling q P: and p 8! hnigq lnd related topics, Bnycsnan
p istics and eslimation, Bayesi ip ic inf and i with many nulsnncc
parameters, Robust Bayesian Analysis, Reliability theory, Applications of statistical and graph th ic technigy

1o Social and Biological Sciences.
Some major contributions during the year 1998-99 are described below.

Theoretical research on the rates of CLT and allied topics continued. Some applied problems related to
quality control were solved.

Research on flexible and adaptive discriminant analysis continued; analysis of data refated to the spread of
malaria in Calcutta in recent years has been undertaken. The use of weighted likelihood in problems of

classification and discrimination and the use of diverg for studying rob in the context of
testing were looked into.

Research work on intrinsic Bayes factors, mode} selection and Bayesi: P ics was continued
and major new results were obtained.

Weighted b p for non-linear models, including the problems of M-estimati lized linear
models and non-linear models were studied. First order i Yy or the weighted b hni has been

established; higher order results are being studied. Also, dimension asymptotic results have been established in
the context of weighted bootstrap in linear as well as non-linear models.

1 h

Methods of estimation for small were suggested for d i g at y
and gramsabha levels. Theoretical work was done on utilisation of avxiliary information in PPS without
replacement schemes such as Rao-Hartley-Cochran scheme. Innovative methodologies were tried out in a project
on sampling of mobile populations such as hars (weekly village markets), temple visitors etc.

A study was underaken on Statistical ion of Homog and Hierarchical § in DNA
data. The main focus was on Phylogenetic Analyns of various nucleic acid sequences available in DNA Data
Bases accessible through the Internet. Some significant progress has been made towards development of novel
statistical methodology for efficient analysis of large volumes of genomic sequence data. A software called
SWORDS (Statistical Analysis of Words in DNA Seq ) was developed for analyzing various patterns

hinlaoieal i

reflected in the distribution of words in a2 DNA seqy and their phylogenetic and other i h

In the field of Neural Networks, the convergi of back i Igorithm has been studied in the
case of complex boundaries. A technique has been proposed for cleverly picking up training samples without
knowing the actual position of decision boundaries and a training set, thus formed, improves the performance of
the algorithm. Also a method based on a Neural Gas Network model has been proposed for the extraction of
vector skeleton of vol ic images of fil bacteria. The proposed method is sufficiently robust with
respect to presence of noise and rotation.
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Probability Theory and Stochastic Processes

The major areas of work were: Limit Rates of- Bt and i Stochastic Integrals,
Markov Processes and Dynamical Systems, Stochastic Differential Equati Polynomial Martingales, Random
Walks, Finitely Additive Probability, Probability inequalities and Stochastic majorisation, Martingale theory and
Stochastic calculus, Markov Chain simulation.
The following paragraphs give a brief ption of the imp ibutions made during 1998-99.
Work on time-space h ic p ial isted with stachasti was continued. Work in
! theory is inui C of Lp-spaces in the finitely addmve sctup was discussed. The
relation between the method of random union of gametes and the method of mating matrices in evolutionary
theories was sludled A swdy of the M ithm for random inued fraction expansions wes

jertal found. Complete chwlcnnnon of Markovian motions, that evolve only
through velomy changes allowing only finitcly many changes in finile time, was obtained.

A regular weekly seminar in probability theory was started and is expected 1o continue. The idea is to get
scquainted with areas of current research interests in probability theory and stochastic processes.

Mathematics

The major areas of work were: Commutative Algebra, Geometry of Banach Spaces, General Topology,
Algebraic and Differential Topology, Topology with emphasis on Function spaces, Equivariant plus construction
and acyclic maps, Gromov theory on partial differential relations, Quantum groups, Uncerainty principles en
Nilpotent nnd Solvable Lie groups, Wiener Tauberian Theorems in Semisimple Lie groups, Equivariant
Cobordi hastic Differential G y. Descriptive Set Theory, Automata Theory, Theoretical Computer
Science, Harmonic Analysis, Ergodic Theory, Functional Analysis. Operator Algebras, Differential Geometry,
Spectra of Laplacians, Sediment Transport, Graph Theory, Combinatorics and Construction of Designs.

Some major coniributions made during 1998-99 are as follows.

A structure theorem for an A®-fibration over a one-di ional noctherian semi | semilocal domain
has been proved. It has been shown that, in the above situation, any A*-fibration whose spectrum occurs as an
affine open subscheme of !.he speclrum of an alﬁne line A' is actually A* . The results provide examples of A®-

fibrations over di ilocal domains whose spectra are not affine open
subschemes of any affine lme Al over lhe base ring. Examples have also been constructed of non-trivial A®-
fibrations over di | non-semi | local domains whose spectra are open subschemes of
A'-fibrations over the base ring.

lnmnslc h izations for uniquely ling bounded linear functionals from subspaces to the full
space, ing U m bsp Y for which all y* in Y* have unique norm preserving

extensions, and the mlmonslup of these to W*-asymptotic norming properties of Banach spaces (considered by
Hu and Lin) were studied,

The study of dual spaces of some function spaces has been elaborately carried out. The srudy made use of
important results from both Functional Analysis and M Theory and few of the characteristic features have
been observed. The study is continuing.

The nature of the group of equivariant self h ival of & G-space was studied. The work
{with P. of Chennai Mathematical Institute) to delcnmne which groups act chaotically on the Euclidean

spaces is in progress.

The restrictions of an equivariant Morse function on a G- manlfold lo lu ﬁxed point ucs were studied o

determine whether these ictions when i as non eq y describo the
equivariant Morse function.
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Work on some p in Descriptive Set Theory, parti related to Polish Group Actions, counting
the number of equi classes, etc. continued

Work on harmonic analysis centred around some questions on a topic of current interest, the so-called
Uncertainty Principles in the setling of Nilpotent and Semisimple Lic groups. [n puticular, a transparent
parametrisation  for step-two nilpotent Lie groups was worked out which helped to resolve severnl of the
questions.

l.n lhtorencal compuler science, work on exact and approximale solutions of selected NP-hard

d. Some i g positive and negative results have been obtained. concemning
nppmxm\a(: soluuom of lincar ordenng pmblzms wuh weight matnix satisfying parametrized Lriangle inequality.
Some results have also been obi g lexity of optimal evaluation ordering problem as well as

simple heuristics for MAXCUT problem.

Some contributions to the studies of multidimensional cellular automata and interval logic have been

made.
Projects Undertaken
Statlstical Exploration of H ity and Hier jcal Structures

A statistical software called SWORDS (Statistical Analysis of Words in DNA Sequences) has been
devetoped for analyzing and comparing large DNA sequences. The software can carry out cluster analysis leading
1o the d)scovery of phylogcnenc and evolutionary pattems in DNA data and validate such statistical findings

using hniques such as the b p and the jackknife. Complete mitochondrial DNA
available in the public domain data bases accesslble through intemet for several mammals, fish, amphibia and two
conl.roversml ﬁsh coelncanlh and lungfish have been analyud using SWORDS. The analysis casts new light on

jon and phylogenetic positions of coel h and lungfish. A detailed statistical analysis of
complete genome of the round worm (C. elegans) consisting of six chromosomes is being carried out using
SWORDS. The data on this genome was made available in the internet only recently and the statistical analysis
using SWORDS might reveal facts that are of significant importance to molecular biologists.

‘Winter School on Statistical Methods in Medicine, Public Health and Environment.

The Schnol conduclad dunng 26 October 1998 10 18 November 1998, was aimed at medical practitioners,

logists etc. About 30 participants from all over India took pant in the program.

The course was structured (o explore the interaction beiween these different disciplines and Statistics. Quite a
number of participants presented their case studies. The participants were grouped according to the similarity of
their problems and were led by an expen in that field. The panicipants were given a thorough course on the
different statistical techniques used in these topics. Much emphasis was given 1o the use of available computer
softwares. Apart from the faculty from the different units of ISI, Prof. A. P. Gore (University of Pune), Prof.
Banshi Badan Mukhopadhyay (Burdwan Medical College) end Prof. Kanai Lal Mukherjee (Deputy Director,
CMDA, previously Professor and Head of the Dep of P ive Social Medicine, R.G. Kar Medical

College) participated in the teaching.

Winter School on Transformation Groups

One of the research activities of the Institue in Topology is centered around the study of geometric
properties of topological spaces using transformation groups. The Winter Schoal was organized with a view to
bring together math ians from other Institutions in India, who are actively involved in the swdy and research
in these areas so that dissemination of current results and exchange of ideas could take place. The School simed to
impart to young researchers some modem lechniques of transformation groups as appfied to topology, geometry
and combinatorics. About 25 young research scholars and teachers from various Institutes and Universities of
India have auended the School. Also, aboul 15 distinguished topologists {rom various universities and Institutes of
India and abroad visited the Stat.-Math. Unit to take part in the discussion and to give lectures in the Winter
School ised during 8 Dx ber 1998 to 26 D ber 1998. The main speakers in the School were: Prof.
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Satya Deo Tripathi (University of Rewa, M.P), Prof. Chris Allday (Univ. of Hawaii, USA), Prof. Mikiya Masuda
(Osaka University, Japan), Prof. D. Gauld (Univ. of Auckland, NZ), Prof. V. Srinivas (TIFR, Mumbai), Prof, R.V.
Gurjar (TIFR, Mumbai), Prof. P. Sankaran (SPIC, Chennai). Prof. A. Mukherjee {ISI, Calcutta), Prof. T.B. Singh
(Univ. of Dethi), Prof. H. Mukherjee (NEHU), Prof. S.S. Khare (NEHU) and Prof. A. Ranjan (1T, Mumbai).

Projects funded by SURDAC

In addition to the above pmjec(s d\c facuhy of the Sm -Math. Unit also collaborated with the faculty of
the Population Studies Unit, Sociol h Unit, B istry Unit and the Psychological Research Unit
of the Insitute on projects funded by SURDAC. the Survey Research and Data Analysis Ceater of the Instinne,
Work conunued on the pro]acls entitled "Changing Social Relations: Social Network Approach”, "Cervix Cancer
D. togy™ and “Analysis of Academic Achievement of Primary School Children in
West Bengal" and a new project entitled “Siatistical methodology for Studies on Mobile Populations™ was
undertaken.

The SURDAC funded project on Changing Social Relations - Socia) Network Approach conlinued in
1998-99. During the year, the demographic changes in the village Kabilpur between 1971 and 1998 were studied
and it was found that these did not have any sngml’cml impact on the change in the network relations. Daw on
the social network of another village, Baidy p was also collected during the year. On comparing the two
villages it was ubserved that in the village where lhere had been consndunble ecanomlc and political chugu,ug
change in the network relations was also d p ity d 8 ically, yet ¢ d
both within and outside the village and new mini i i Such dramatic changes did not
take place in the other village. Detailed analysis of the data from the second wllagc is going on.

The project entitled Statistical methodology for Studies on Mobile Populations relaies w mobile
populations such as buyers al village markets (hars), pilgrims at a temple, etc. Cenain villages have weekly (or
twice weekly) hars where day to day necessilies like food, kerosene, tobacco, clothing, cic. are sold. The project
concentrated only on the retail weekly markets and iried 10 evolve suitable sampling designs to study such markets.
Village markets are important since it is a 'social institution' wherein people come not only for their purchases but
also 10 have social contact, exchange information on births. deaths and marriages, health status, marriage alliances,
etc. Due 10 the effects of urbanisation, the scenario may be changing and the aim of the project was Lo study this.
On the basis of pilot studies, two medium sized hats were selected around Barasat. Each har was divided imo
homogeneous strata. From each stratum, two seliers (sialls) were selected at random withoul replacement (WOR)
and data was collected on specific questions from them using 8 seller quesuonnmve The parameters of interest
such as population proportions and means were esti by Next, idering only the
peak period, ‘buyers' were selected in two stages and information was collected from those visiting |h¢ shopina
randomly chosen time slot through & ‘buyer questionnaire’. For questions relating to the size of a mobile population
such as pilgrims/visitors to a temple, a pilot study was undenaken at Dakshineswar temple. The plan is to estimae
the number of visitors using information such as number of shoes kept at footware keepers, whether registered ot
not, and number of vistitors' vehicles at suitably chosen points of time.

An account of the work done in the other two SURDAC funded projects mentioned abave bave bees
given elsewhere.

INSA Funded Project
Work continued on the INSA Funded project “Studies on Probability and Mathematical Inequalities®.
Str g Local G in Madhya Pradesh

The Government of India had requested Asian Develop Bank for technical assi: to strengthen
local govenment as part of the reform agenda of the state government of Madhya Pradesh. At the request of Price
Waterhouse Coopers (PWC) who was onc of the prime contractors to the Bank for this purpose, an inter-firm
agreement between PWC and ISI was made to develop the Statisticazl Information System (SIS) as a part of the
project asi The SIS is envisaged to be a statistical data base for rational decision making, specially at e
local government level, taking into account the 73rd / 74th amendment of the Constitution of India in the yer
1992. It is expected 1o address the inft ion needed for planning at P Jonapad district at higher levels.
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The work Involved in developi g the SIS } or {a) ldenuﬁcmcm of required data items, (b)
designing of formats of data collecti and (c) d of methodology of data
collection, (d) specification of output formats, amenable w computerised damn base, and (¢) organisation of
workshop in collaboration wilh the state g to finatise the methodology of +lata formats.

The project was almost completed dnnng the year 1998-99. DCSW members of Stat-Math., Applied
Statistics and Social Sci Divisions participated in the project.

Reglonal Math Olymplad

The Regional Mathematical Olympiad 1998 for West Bengal, sponsored by National Board for Higher
Mathematics, for class 9, 10 and 11 studenis wis organized on 6 December 1998 at various centers including
Berhampore, Burdwan, Calcutta, Kalyani, Kharagpur, New Jalpaigun, Purulia snd Santiaik ISI, Calcutia was
the West Bungal Centre of the Indian National Mathematical Olympiad 1999. This year Prof. S.M. Srivastava
organized the RMO and the INMO. Over the years, these cvents have becow:: very popular and led 10 a great
interest and enthusiasm in Mathematics in the region. The overall performance of students from West Bengal
Region thix year was the best among all the regions. In all 8 siudents from West Bengal Region (from & total of
30) were successful at INMO-99 with an average score of 42.20 for the region.

Risk Analysls of Long Term Agreement

Recently, a team of scientists from vasious units of the Indian Statistical Institute, Calcutta, developed a
mathematical mode! fo analyze a coal supply agreement between a subsidiary of Coal India Ltd. and a power
supply company. The purpose of the model is to pravide an understanding of the pattem of coal supply in the face
of various uncertainties and a realistic assessment of the net monetary risk to the coal supplier. The mathematical
structure of the madel was developed after studying the Coal Supply Agreement and some other agreements and
after a series of exiensive discussions with representatives from the Coal India Limited (CIL) and its subsidiary in
question. A computer program was written in the ‘C' language, based on the model, to conduct simulativns on the
various vasiables of interest.

The overall ‘loss' of the CIL subsidiary during a period of about thirty years is the ultimate outcome of
the modet. This overall loss is regarded as a weighted sum of the losses (in Rupees) compuied at the end of every
month during the period of simulation. The weights are determined by the prevailing interest rates and the rate of
inflation. The challenging aspects of model building were the inicr-dependence of the various variables because of
operational realities, the intricacies of the legal conditions docuriented in the coal supply agreement and existence
of various decision variat Ily a modular p was prepared such thet the cuawrols sought by CIL
were available in the form of input parameters. The final Model for Analysis of the Supply of Coal (MASC) as
wel) as the programme was handed over to CIL for sensitivity analysis with respect to various factors of interest.

Delhi Unit
Research Actlvities

Probability

Work has been done on Filtering Theory using the Martingale problem techniques. While focusing on the
problem of asymptatic behaviour of the filter, it was shown that the filter is a Feller Markov provess. While this
result is known in the special case when the fiiter is the unique solution to the Zaks/FKK equations of filtering, the
approach taken up shows that this result is truc 1n a wider (ramework and is deduced without any reference 1o the
equations of filtering. The Markov propeny enables one to take recourse to the semigroup theory and its interplay
with ergodic theary. Using these techniques, it was deduced that the filter as well as the observation along with the
filler (with a wrong) initial condition are Ergodic Markov processes. This observation is important from the point
of view of robustness of the filter.



Indisn Statistical Institute

Recently, there has been a lot of interest in the filed of Mathematical finance. The mhdouh_ip between

Absence of Arbitrage and existence of equivalent mantingt has been investig The eq; of
the twu has been shown using Orlicz space techniques .

Two classes of Levy processes are described-one ini Lavy p and the other
consisting of more general processes where the process can he determined by a finite family of polynomial
martingale functions of the process. The exa:t number of polynomials requircd for ining a given Levy

process is also obtained.

The asymptotic properues of a minimal spanning wree formed by n points unifarmly distributed in the i
square, where the weight function 15 such that the minimal spanning wee has a “direction” of gmwih have been
studicd. [ is shown that number of branches from the root of this tres, the total lngth of these branches and the
Jength of the longest branch converge weakly. This model is refate o the study of record values in the theory of
extreme value siatistics and this relation is uscd to obiain the results, The resulis also hold whea the 7.4 15 formed
from a Poisson point process of intensity a in the unit square.

Work has bezn done on (wo depcirdent models of nercolation - the random sbick model and the Vivengi
percolation model. In the first model. the geometric sweture of the finite clusters has been studied. while w the
Jiter, it has been shown that if the Voronoi percotation modei arises from a Poisson point procese conditioed to
have a point in every unit square, then in «wo dimensions the crincality of the model is 172,

Work was undertaken on Charac prob and rates of convergence of discrete approximation of
stochastic intergrals, multivariance and multicorrelation, r-th order suong mixing.

Mathematics

The classical Matrix-Tree Theorem due to Kirchhoff which usserts that the number of spanning tree< in a
graph equals any cofactor of its Laplacian matnx has been gen-ralized by several authors. A stody wus undert kep
on mixcd graphs, i.c. graphs in which some of the edges may be oriented and a combinatorial dsciiption nf 2il the
minors of the Laplacian matrix was obtained. The work implics a result of Chaiken describing ail minews of the
Laplacisn matrix of an undirected graph.

A direct proof was obtained for the positive definiieness of several matrices anising in classical opurates
theory problems. Among Uiem are the {amous Loewner muinces invoduced in 1934. Th. proof leads : a unified
analysis of scveral famous inequalities.

A striking result for norms of derivatives of operator functions was proved. This says that the norm of e
Frechet derivative of the r-th power uf a positive operator is equal to the norm of its ordinary derivative for all
values of r except those in the interval (l.ﬁ ). This wark is part of an ungoing praicet 1o develap
noncommutative calculus.

Faber-Kraln inequality was geaaralized 1o a class of non-linear degenerate elliptic finisl differential
equations.

In linear k ity problem, one of the imp questions is the fol! w-1g : Suppuse A is 1PN
Q, matrix. Then could one say that the set $ (g, A)={X € R*:Ax +q20,x20and ' (Ax+q'=0]i
connected set for every Q € R*'A partial answer to this question was given. For example if A is & non-negative, P,
M Q, ~ matrix this question was answered in the affirmative. The following was established : if M can be
AB
cD
connected matrix, C is @ nuil-matrix, then S (g, M) is a connected set for every q. Proof of this result depends on
some ical ty on weak unival (of some function)

POIOE!

plnionedu:M=[ where A and D are square matrices and if A is a P, ) Q - muwix, D2
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Research was also carried out in the following arees : Operator algebras, dynamical semigroups on them,
their structures and dilation, non-commutative geomeuy nwlr refation with stochastics, spectral theory of
differential op specifically Schrodinger of d op on Hiibert C* models,

Statistics :

Research was carried out in the broad area of "Estimation of a Common Mean'. Explicit expression end
properties of the unique unbiased estimator of the optimal weight for combining two normal means based on
sample vanances of independent samples of possibly uncqual sample sizes were obtained in the more general set up
of two independent observations from Ganima populations with possibly unequul scale parameters for wider
applications which include extension of Olkin - Pralt results on unbiased esumation of intra-class comelalion
besides the common mean prublem and the selated problem of recovery of inter- block information. The most
significant application of the results 1s 1o the normal common mean prublem where it provides simultaneous
|mpmvemcnl over both means under mildesi condition on sample sizes known so far. Techniques employed

invoive i H ic function which are of independent interest.

B FLYPETES

An important result on the optimality of fractional factorial plans for arbitrary factorials was obtained. It
was shown that under a hierarchical linear mode! involving factorial effects, if & fractional factorial plan ensures
inter-effect orth lity then it is universally optimal in the class of all plans involving the same number of sums.
A combi ial ch ization of inter-effect orthogonality was also di d

A general procedure of constructing asymmetric othogonal arrays of arbitrary sirength was discovered for
the situation where each column of the array has prime power number of symbols. Most of the arrays of strength
three, obtained via the proposed method are tight.

Investigations were carried out to obtain A-optimal designs for parallel line bioassays. A large number of
A-optimal designs, both for symmetric and asymmetric parallel line assays have been obtained.

Work has been done on estimation of survival functions under order consiraints. It was found that
generally it is better to model competing risks in terms of sub-survival functions rather than in terms of cumulative
incidence functions. The idea of slgna(ure o. a coheren( system was developed and used to compare various

systems. A new concept of d i Jering was introduced. Work has bezn done on stochastic orders as
applicd to order statistics and c i of order istics of nonhomog observations. U-statistics for
associated random variable were studied and swrong law of large numbcrs and the CLT for them were derived.
Some work has been done on Bayes estimation p for Stoch partial differential equations.

Bangalore Unit
Research Activities
Prabability Theory

Major areas of research during the year 1998-99 included : Quantem probability, Diffusion processes and
Skorokhod problem, semi-stabl and p Chaolic d, 1amics on the Real Line.

Ongoing work on quantum probability continued; product sysiems of one-dimensional Evans-Hudson
flows and minimal dilations of quantum dynamical semigroups were studied.

Statistics
Rucuch was camied out in the fellowing broad areas : Sample Surveys, Large Sample Theory, Bayesian

Inf Non-P: ic Statistics, Bayesian Non-Parametric Estimation, Robust Bayesian Analysis,
Reliability Theory, Optimality and construction of expenmenml designs.
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Perf of some design-unbiased i jes for esti thememhavehemmpnd
under a regression model. Some simple impl ble al i o
Horviz-Thompson cstimator and ps design have been suggested. Problem of utimmng non-negative d:ﬁnm
quadratic forms has ben studied.

In a linear regression ! traditionall how good the fit is - in the sense of what part of the
vunnblhlymtheresponsevlmbleennbeexplunedunn;lhcnpmlm It has been shown that a similsr robest
y pretation is also
Mathematics

Some broad ares of research during 1998-99 were : Groups of exceptional Lie type, Coxeter groups md
the Monster group, Combinatorics, (Bruck-Ryser type thearems for quasi-symmetsic designs and strongly reguler
graphs), Funclional Analysis, Geometry of Banach space, Ergodic theory, Operator algebras and Operator theory,
Harmonic analysis. Differential Geomeiry and Topology, Spectra of Laplacians (especiaily on Vector bundles),
Spectral theory for partial differential operators, Finitely additive measures, g-inverses.

Several natural i ble mod iated with the symoplectic group SP (4, q), g-even, and is
building were srudied and their suucmre determined.

For the space of Bochner integrable functions, the property of being constrained in the bidual has been

idered. The b this property and Radon Nikodym property and proximinality has beea

investigated. Denting and strongly extreme points in the unit ball of spaces of operators has been sudied: in

particular it was shown that there are no denting points in the unit ball of L({"), p 2 1. Points of weak® -porm

continuity in the dual unit ball of the injective tensor product spaces have been exhibited. Conditions under which
spaces of operators asise as continuous function spaces have been investigated.

The work on finding a complete set of unitary invariants for quotients of Hilbert modules over functios
algebras continued.

In R it is known that if all the spherical ges of a locally integrable function f are 2¢ro, with the
centres of “spheres” coming from a suitable "small® set, then f is the zero function. This result has been
generalised (o the case of complete connected real analytic Riemann manifolds with an analytic metric. A beauiful
resull of Hardy of the impossibility of a nontrivial function on R and its Fourier transform to be both “very rapidly

g has been ded to all pact semi-simple Lie groups.

Ongoing work on Hermite and Special Hermite expansi inued. Restriction th and local
estimates for the Bochner-Riesz means have been obtained for Hermite operator on R* and the special Hermile
openatoron C°.

In addition to the above, expository work on Fourier analysis and Unccrtainty principles was carried ou;
an introductory book on Linear Lie Groups and Representation Theory was also under preparation.

Applicad Statistics Division

The Applied Statistics Division came into beng from September 1996 in place of Applied Statistes,
Surveys and Computing Division. The Computer Science Unit was re. umed a< the Applied Statistics Unit. Thisis
the only unit which is under the Applied Statistics Division at present.

Applied Statistics Unit

Scientists of thé Applied Statistics Unit (ASU) are involved In various teaching, training, res-inch and
developmem activiues. ASU is fully responsible for conducting the short-temi course “Intensive Course v
and Application of El ic Comp “. This unit also regularly conducts teaching/raining

like wil schools and The bers of the faculty conduct research in vanos
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aress of statistics, mathematics and computer science, with special hasis on applicati Some
:ollnbome wnh other units of IS1 on joint projects. Cusrently, there are collaborative on-going projects with the
Th ) ics and Math ics Division and the Social Sci Division. The scientists of the unit are

also sctively involved in the activities of the newly formed Survey Research & Data Analysis Centre (SURDAC).
A bricf description of the rescarch and project works conducted in 1998-99 is given below.

Research Activities
Sample Survey

Optimal sampling stretegies were derived 10 estimate totals of finite populations using classical, Bayesian
and empiricu) Bayesian approaches covering small domain probl Relative perf of ordinuy and
gencralized least squares estimators in survey sampling and deﬂgn of i are simull
Methods of borrowing strengih scross domains and over ume in ordu lo develop serviceable small dommn
statistics were being explored further. Model assisted for g finite population total and mean
square ervor of estit of 1otal applying piotic methods were d:veloped Somc asymptotically optimal
double sampling procedures were also found. A new variance esti in three-stage sampling is p and

found to fare marginally beuter than a traditional one. In connection with an actual socio-economic survey based on
a stratified unequal probability sample taken in Lhree stages. conﬁdence mu:rvnls are worked out for total, multiple
and pamnl correlnllon coefficients and lolal and partial reg involving upto four variabl
idered. Probability distribution of the number of distinct units in a PPS with replacement
sample is worked oul in a closcd form |n onder to study the properties of a Rao-Blackwellized version of
Hansen-Hurwitz esti Prop are igated of a general class of estimators of the ratio of two totals

based on general complex sampling designs using multivariate data.

Design of Experiments, Comb rial Methods and Their A,

Cross-over designs have been studied under non-additive non-circular models, with higher-order
carry-overs. The analysis has been developed using Kronecker Calculus; optimum designs have been obtained; and
the construction problem has been solved completely. These resulls were shown to be robust under the
random-patiet-effect model.

The problem of obtaining cross-over designs with fewer subjects and fewer time periods than the existing
designs is being studied. Some smail and efficient designs have been obtained. The robustness of these results is
being investigated under mixed models.

Strongly balanced vniform repeated measurement designs have been constructed in the linear and in the
circular cases. Concepts generalising nearly balanced URMD's and second order RMD's are introduced. Such
designs have becn constructed for some classes of parameters. The problem in its full generality is under
investigation. Combinatorial aspects of designs were studied particularly with ttspecl o chmclensmg the well
known class of Jambda designs. Some charactesisations have been obtained under | and p
conditions.

Multivariste Analysis

The probability inequality P (ANB) > P (A) - P (B) applicable in two dimensions for convex and
coordinatewise symmelric sets under the Gaussian disiribution is shown to be true for higher dimensions for sets
with special structures.

Work on semi-parametric classification rules subsuming the logistic discrimination rule of Cox is being
done thraugh a genecalization of pseudo-MLE approach. Applications inciude many standard multivariate
distributions and a variety of bivariate reliability models. Optimal tests were derived for no-contamination in
multivariate mixture models. Neymann's C, - test was lized to multip t ple case and its
application to change-point problems is being studied.
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Inference

Robust methods based on mini distance techniques are being developed for iid situations as well as
more general regression set-ups. Recenl advances include lhe development of 2 new class of divergences cutsids
lhescope of " dnspnnues and related i New weighted likehood procedures based on mini distance

plicable in robust estimation and outlier detecti hnve been developed. Robust tests for

equl]ityof i were developed, A new ‘sel estimator’ useful in describing the externa! shape of a point set
has been constructed.
Generalized Regression

kacl.lhood based and ﬁumaung equauon based methods for nonparametric regression have been
and jons with some analysis of simulated and real life data.

g P P

Linear Models

In continuation of earlier work on collinearity in the linear model, the numerical conditioning of subset
models was studied. Specifically, bounds on the smallest positive singular value of the design malrix of a subset
model were obtained. Search algorithms for identifying numerically well-conditioned subsets were explored and
evaluated through simulations.

The updates in the General Linear Model for data and model chmges were examined in terms of the linear
2ero functi This hledoi ing interpretations of the tefms.

Reliability, Life Testing and Survival Analysis

Smdm are being carried out on the analysis of competing risk data with cause of death arbitrarily missing.

i procedures using EM algorithms have been worked oul. A counting process approach is under study in

the context. Some robust and nonp ic methods of estimation of the number of components in a system of

superimpased renewal processes are being worked out. Progress has also been made in the calculation of sysiem
reliability under various stress-strength models.

The problem of designing the optimal examination time in a simple illness-death mode) on the basis of &
computationally simple criterion has been solved. This work has possible application in cancer screening studies.

A regression mode] for survival data was develaped for situations where jonal regression models
such as the proportional hazards model do not work. The new model, called the Proportional Reverse Harard
Mode! was used to analyze incubation periods of transfusion related AIDS.

Blostatlstics

Distributional results have been obtained and methods of analysis developed for lated, repeated
observations on a single subject in dealing with skin papilloma.

A test for checking homogeneity across groups using Poisson count data has been developed, with
application in cancer siudies involving tumor counts.

The possible association between multiple hospital admissions with respiratory problems and air pollution
has been studied using case-crossover design and a Poisson process approach.

A preliminary study on projection of HIV incid in Calcutta based on llmued survey information has
already been completed. Work related to pooling available data for sophisticated ep delling is in

progress.
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Computer Science

Algebraic properties of exceptional rules and also of one group of non-exceptional rules for 2D Cellular
Automata have been studied. A few results were derived on particular hybrid transformations.

A celiability measure of a computer network was obiained using information theoretic ideas, leading to a
dynamic design of a reliable computer network.

atinn_i v halanced,

Cryptographic properties of boolean functions viz. linearity, etc. were
swdied. Methods have been developed for jon as well as jon of boolean functions which ure
highly nonlinear and correlation immune of 4 high order. These methods have been extended to symmetric boolean
functions too.

Projects Undertaken
A. Externally Funded Projects

Safty Develop for Cryptanalyst

Project legder : Bimal Kumar Roy

Cryptanalysis of an LFSR-based cryp has been undertaken. A method has been developed for
estiinating the seeds of each LFSR and the ining function simul y, provided that the length of each
LFCR does nnt exceed 30 This method hus been impl d in a parallel envi Partial solutions have

beca chmined when the length of the LFSRs exceeds 30.

Devek t of Statistical Technique as an Aid to Geological Mapping

Project leader : J. K. Ghosh
Project Co-oridnator : Tapas Samanta

A sampling scheme for allocation of opti number of observalion points to most appropriate locations
was developed. This setded the question of how many points to sample and whese to sample. The final technical
report tFTR) has been submiited to the 7SR,

UGC Refresher Course In Statistics at the post-graduate level Ocganised by the Applied Statistics Unit
(February 2-26, 1999)

Coordinators : D. Sengupta and K. S. Vijayan

A UGC refresher course for post-graduate teachers of statistics was conducted by the Unit during
February 2-26, 1999. A total of 97 applications were received. These applications were scrutinised by the teachers
and 38 candidates were selected. Of these 27 joined (23 outstation + 4 local). Except one, all resource persons
were from ISI. Apan from the usuul materials covered during lectures, an attempt was made to familiarise
particip with statistical packages in use. Teachers were able to provide lecrure notes in advance and

these were compiled into a smgle ‘volume and handed over o participants at the beginning of the course.
B. Plun Projects
Application of 2D Cellular Automsts

Project Leader : Pabitra Pal Chawdhury

Studies of variuus ical properties of nearest neighbourhood 2D CA transfe

confinuing. These were divided into vorious groups. The study of two groups conceming only two and thme
neighbours is ncar completion.
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Some exceptional transformations were identified, which do not match with others and thereby do not fall
in any of the above groups. Their properties are being studied separately. Further, a class of hybrid
transformations has been identified and their properties are being studied.

Small Area Estimation of Population for the Districts of Hugli and Murshidabad
Project leader : Parimal Mukhopadhyay

The survey project for estimaition of socio-economic characteristics of households in the municipal areas
of Mursidabad and Hugli districts is continuing. Data have been collected from about 1100 households from the
district of Hugli and about 350 households from the district of Mnrshldabad. A series of estimates for 10 sampled
municipal areas of the Hugli district have been obtained using sy imation techniques and Bayes
procedures, Analysis of data from Murshidabad district is in progr

Optical Character Recognition (OCR) of Printed Telugu Script

Project leader : C. H. Sastry

Selected Telugu text samples were digitized. Programmes for scanning the text image and determining a
threshold leve! in order to convert the image to a 2-tone image have been developed, the objective being the
segmenlahon of the text image for lines and words. S(udnes are on to set up logical criteria to segment the

Many sch are under id and ion. The problem of tilt correction is also
being studied. Efforts are on to set up the infrastructural facilities required for the project.

Telugu Language Processing
Project leader : C, H. Sastry

From the point of view of designing an OCR system for printed Telugu script, efforts are on to study the

ical ch istics of Telugu language, which is in common wrilten use. For this prupose passages are being

collected from popular Telugu magazines, news papers and children's literature. This is required for the purpose of

collecting Telugu words used in different expressions of thoughts. Efforts are on to acquire facilities needed to
store the passages in computer medivm for later statistical analysis.

Analysis of Incomplete Life Time Data
Project leader : Anup Dewanji
A nonparametric estimator of cause specific hazard rates in competing risks with missing failure types has

been developed. Robust and nonparametric estimators of a number of component processes in a system of
superimposed fid renewal processes have also been obtained. Work on other types of incomplete data is in

progress.
A Statistical Projection of HIV incidence in Calcutta

Project leader : Ayanendranath Basu

As a follow up of the statistical projection for the city of Calcutta completed in 1998, a sensitivity study,

md the lppllesuon of a bootstrap resampling technique to provide standard errors and confidence bands o the
bers is now compl The sensitivity analysis gives a guideline to policy planners in determining

which factors should be targeted with higher pnonly for useful intervention. In addition, a bool.stnp resampling
technique has been used to provide both standard errors and confidence bands to the projected numbers over the

years.
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School on Small Area Estimation
Project leader : Arijit Chaudhuri and Arun Kumar Adhikary

‘This 1SI-funded school was organised to disseminate some of the ideas developed in ASU, ISI conceming
this topic among people in the country interested in doing theoretical and applied research in this area. A
countrywide announcement was sent to various Universities, Departments of Statistics and other recognized
institutions doing sample surveys to nominate participants in this school. The schoo), held during February 8-16,
1998, had 14 selected participants, including those from the Government of India, MSRI, RBI, ITPS and some
universities. Eight ISI facullty menbers participated in teaching. The stress was on applications covering case
studies relating to Indian and foreign exercises relevant to this context. Typed course materials were distributed
among the participants before the start of the school.

Computer and Communication Sciences Division

The Division comprises Computer szlon and Pattern Recognition Unit, Advancd Computing and
Microel ics Unit, E! ics and Ci ion Sciences Unit and Machine Ir telligence Unit. Faculty
members of the Division ure also cngaged in luchlng and training M. Stat., M. Tech, (CS) and M Tech. (QROR)
programs, in addition to their rescarch and project works. Many dergrnd md
students of Compum Sclences. El s and Tek ication, Elecirical Engi md students of MCA
courses from d and insti undergo their vocali\:nallsemesl-.\l rawniey under the supervisions
of the faculty members of this division. Research work carried out in these units is descnb +d betow.

Advanced Computing and Microelectronics Unit

During the period 1998-99, the faculty members of the Unit were engaged in research in various fields of
Computer Science and Engineering. The fields include Heterog Computing, Logic $ynthesis and Design for
Testabifity, Multi-Mesh Architecture, Electronic Design A ion, Applications of Ctanputational Geometry to
VLSI Lay out, Mobile Computing, Microelectronic System Design using  FPGA s, and I srete Event Simulation.

Research Activities
Heterogeneous Computing

During recent years, Heterogeneous Computing (HC) has became one of the thrust areas of research in the
field of pmllel processing. HC involves the use of different types of paralle p p g comp
or ity paradigms (o maximize overall system perf cost cffecti and devell efforts.

The goal of heterogencous computing is to achieve fast execution of a complex task on a cluster of high
performance sysiems with possibly dissimilar architectures. [t is an important and emerging field drawing concepts
from both parallel and distributed computing. Though the different components of HC have appeared in the
scientific literature over the past few years, heterogeneous computing is still in its infancy. Heterogeneous
computers promise cost effective compute cycles. But there are lot of issues yet to be studied in terms of efficient

scheduling, ease of program lop performance evaluation and design of optimal HC environment for a
specific appli and hers from a variety of disciplines havs started participating in the
devel of h pp using a currently availuble tool named Pazallel Vitual Machines (PVM)
and the associated job dnspa(chcrs

A suitable model for computation in a heterog puting envil involving a combination of
dissimil; hines is being d. Several theoretical results have been obtained on the efficient topology for
lmen:onnccung muluprocessor syslcms and also on designing pm)lcl algorithms for solving different numerical
and graph-th g etc. It i is exp that perft luation of different application
problems mapped on an HC eavi ining several (S 6) ing nodes having different architectures
would lead to optimization of the computi i
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Logle Synthesls and Deslgn for Testability

Logic synthesis and design for testability techniques are indispensable in the VLS! circuil synthesis and
testing. A typical VLSI chip may consist of hundreds of millions of transistors, design of which requires
specialized design tools. To ensure high reliability, yield and maintainability, these chips must be tested during
design, production, and while under operation. Unless the chips are designed with in-built easy testability scheme,
Lesting will be a formidable task, if not impossible. The objective is to i new design methodology for
gate-lcvel logic synthesis and redund: limination, targeted to having high fault coverage, in terms of stuck-at
faults, as well as robustly testable delay faults.

Logic synthesis with quential circuits is of utmost importance in the recent irends of high
performance circuit dcslgn lnvcmg.mum have been done on the redundancy problem in synchronous sequential
circuits.  Tdentifi and of redundancy have been studied, with a special emphasis on
isomorph-redundancy. Several new atirib of such redundancies have been f ani| their impact on
logic synthesis has been studied.

We have also developed a novel scheme of BIST (built-in Self Test) technique for tetecting stuck-upa
faults in combinutional CMOS VLSI circuits. Ffficient BIST design for universal testing of stuck-apen faulls wa;
an open problem. The proposed scheme is not only ronust but also uni I. Its h rhead is low, and
testing time is significantly reduced. In addtion, a new iechnique called 1dapiive BIST has been developed. The
scheme is useful for testing arbitrary CMOS complex cells, and the test sequence is independent of the circuit
structure and its functionality.

Multi-Mesh Architecture

The Multi-Mesh (MM) architecture, built around 2-D meshes, has newly been praposed by us (Das and
Sinha, Proc. 9th IPPS, pp. 17-21, Aprit 25-28, 1995, Santa Barbara, and M. De, D. Das, M. Ghosh and B. P. Sinha,

Proc. HiPC'95 pp. 707-712, 1995). This archi provides the following features:
(a) The number of processors is N=n', for some integer n > 2. The smallest systems can be buill with 81
processors.

(b) Every processor will have a uniform degree of 4 only.
(c) Although the number of links is same as that of an illiac TV architecture or a 2-D torus, the MM topology
provides a diameter of 2n, i.e.. 2N™ in contrast to 2N'? for an Illiac TV topology. This reduced diameter helps lo
implement the following algorithms very efficiently :

" : O(N™ )time
Matrix Transpose : O(N"™)time
p x p matrix multiplication : O (p™* ) time (compare this with Op)
time on a 2-D mesh)
P-point DFT computation : 0 (p™ ) time
Sorting
n’ independent sets of n’ elements each : O (n) time
n independent sets of n’ elements each : 0 (n) time
n' elements O (n) time
Lagranges interpolation on n? elements : O (n) time

(d) The 2-D mesh can also be emulated on this MM topology in constant time. Thus, the d-neighbour adjacency
property can also be preserved in a certain sense on this topology.

(¢) Point-to-Point communication, single node broadcast and multicast can all be implemented on thus network in
(n) = O (N™ ) time.

(f) Under single node or link faiture, the diameter will not increase by more than 6. Other properties will gracefulty
degrade with faults.

(g) Any existing algorithm on a 2-D mesh or torus can be easily ported to this new archi and this is still
a subject of further study and software development.

Apparently, the proposed archi will be able to efficiently implement a large class of algorithms in
ical applicati imuge p ing and other real-life situations very efficiently without any addidonsl
hard i over that d for a 2-D mesh.

q
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Efficient elgorithms for (i) multicast in O(N) time, (if) using routing in
O(N*logN) time and also (iii) permutation routing on the Multi-Mesh have been developed. The sorting sigorithm
on the Multi-Mesh has been further improved. During the year in question, a new technique for paralicl mulii
merge sort has been developed which has been implemented on the Multi-Mesh with an improved executive time
for sorting.

Electronic Desigo Automation

During the past 10 years, members of this Unit had done extensive research in the area of VLS! Design
including synthesis, testing and physical design. New techniques of testable design, partitioning, floorplanning and
routing in microchips have been developed. With the advent of high-performance VLSI and ULSI (Ulwra
Large-Scale Integration) chips, and MCM's (Multi-Chip Modules). efficient EDA tools targeted to achieve high
speed and low power design are now in greal demand. The research areas explored include (a) Performance driven
logic partitioning and floorplanning, (b) Unified scheme for global and local routing, (¢) Low power design of
VLS! chips.

Efficient algorithms for high perfc floorplan design and routing in VLSI Circuits have been
proposed and tested on benchmarks. The results outperform earlier methods both in cost of chip fabrication and
tumaround tune. In pamcultr we have nddressed (i) the optimal linear placement problem or circoit graph 10
minimize signal delay, (ii) floorpl ization for custom microchips, and (iii) partitioning for improved

wire routing based on geometric measures.

Applications of Computstional G try to VLSI Layout
The phys:cal dmgn phase of VLSI (Very Large Scale Integration) curcuits involves many prablems on
i ing, wire routing and area compaction. Furthermore, variations of layout style,
wchnolugy and packaging, e.| g FPGAs (Fleld Programmable Gate Arrays), and MCM's (Multi Chip Modules),
lead to design and opti bl the lation of which needs graph theory snd
combinatorial optimization. In this project, our objecuve is to identify various VLSI design problems which can by
virtue of their inherent power and novelty of spatial data structures and search methods, outperform or augment the
conventional EDA (Electronic Desngn Automation) tools. ln addition, these techniques will have manifold
applications 10 defense, robotics, database, and pattemn

We have identified many new design problems that arise in VLSI physical design automation and mapped

lhem 0 compuuuonal geometric problems. New algorithms for i pty region gnition among

les have been proposed. The algorithms also include recognition of max-widihv/area

empty staircase channels, 3D cuboids etc. We also introduced the shooter location problem and proposed efficient
algorithms for solving it. A novel routing-driven panitioning scheme has been formulated.

Mobile Computing

Mobile computing refers to Lthe use of portable computers interconnected through wireless networking. It
allows the mobile users 1o effect versalile communication with other people along with continuous access to the
services and resources uf the land-based computer network. Designing soft for a mobile computing sysiem is

different from that involved in case of a stationary ked system in certain aspects, as mobility induces several
new problems.
Wireless communication used for mobile computing system is ch ized by low bandwidth channel

with high error rates and more frequent disconnections. These factors can increase the communication lsiency
resulting from the requirement of retransmission of data packets arising due to ervor control protocel and short
temporary disconnections. Mobility, in tumn, causes wireless ions to be imes lost or degraded duz to
signal weakening, when the users travel beyond the ge of network i or ealer areas of high
interference. Also, the number of devices in a network cell varies dynamically and a large concentration of mobile
users at a single place like conventions, may also overload the network capacity.

A mobile computer’s net-address changes dynamically. This dynamic feature in mobile wireless networks
leads to a problem of keeping track of the topology connectivity. This problem, also known as the location
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blem, b too lex when the rate of change is high and the network size is large. Thus,

an important mue in mobile computation is the design and analysis of the topology management scheme.

New routing schemes are also needed for such mobile ks, Co ional routing are not
spplicable for networks where the topology connectivity is subject to frequent unpredictable changes, A suilable
loop-free routing is desirable for this purpose, since a loop-free routing will minimize the consumption of resources
during communication and also the communication delay involved in the process. Routing schemes also need to be
developed to tolerate corrupt wireless links.

In a mobile computing envi all neighb base siarions are connected to a Mobite Switching
Centre or MSC. When a mob:le user is aboul (0 Ienvc a cell the cell's base station transfers the ownership of the
cell to another base station getting the strongest signal from the mobile user. If a call was in progress at this point
of time, then this call should be switched to a new channel (as the old one is not used in any adjacent cell). This
new channel assignment is basically done through a switching neiwork.

We have developed a g lized shuffle exch: nerwork, which can be used as an efficient MSC, even
when the number of base stations is not necessarily a power of 2. The network offers a very cost-effective as well
as fast switching technique for hand-off procedure beiween base stations. The routing algorithm and the
fauit-tok of these ks are currendy under study. We have also proposed an efficient location updauon
technique for mesh topology. Further, a near-optimal algorithm for channel assignment in a mobile computing

environment has also been developed.

Microelectronic System Design using FPGA's

Field-Programmable-Gate-Arrays (FPGA's) are now being extensively used io synthesize complex fogic
circuits in the laboratory. These IC chips have following features : (i) high degree of complexity (thousands of

gates) and (ii) complete progs bility to impk arbitrary archi in a lab Y.

Optimal logic synthesis and routing targeted for FPGA rulmnon has become an upcoming area of
research. In parti we shall undertake the i igation on logic-p g problem in a FPGA environment,
Given a complex circuit in terms of interconnection of modules the problem is to parttion it into smaller
sub-complexes, such that the overall design and routing on FPGA become oplimized.

Sym.hws of fault-tolerant systolic arrays with FPGA arch:wcmm is being studied. We have also
developed a new technique for synthesis of large sy hine. The proposed design has less

d rhead, shorter test application time, and a very high {aul( coverage. The design can easily be mapped
to 2 FPGA-based architecture.

Discrete Event Simulation

Sy is of very large sequential machine now forms an integral part of high performance ASIC VLS
chips. Typicully, such circuit might consist of 30,000 logic gates or more.. The circuit is described in VHDL
environment, then steps of partitioning, finite-state machine synthesis, and final Jogic design nced to be performed.
To check the correctness of the design, il is required 10 have an extensive snmuluuon study. This involves:

(i) logic simulation, (ii) fault simulation, iii) timing lation, (iv) layout simul.
If any design error is identified dunng simulation, it is corrected and the process is iterated. Discrete evenl
is also dispensable in eval g Lhe performance of a parallel processing systcrm. In our amy
based sysiem, perf of vnnous p ks and parallel algorithms ure Pring studied

Y
Srudy of such designs will also require discrele event simulation in o large scale. Typical exar. ey we ‘0
queuing, deadlock, broadcast, message routing protocol etc.

Various studies on the development of efficient methodologies for discrete event simulations have beet
carried out. A Parallel Virtual Machine (PVM) environment is also being studied in @ UNIX enviroument run ces
Silicon Graphics W ion. Logic simulation at switch-level is being studied on a PC platform.
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Large scale simulation studies have been made in the earlier years to assess the performance of a (64 x
64) baseline switching nework with output buffering. It has been observed that the oulput buffering scheme
provides more throughput and manages traffic quite efficiently. The traffic rale was varied from 20 % 10 100 %
whereas, the number of buffers in & queue within a switch was varied from 1 to 12.

Computer Vision and Pattern Recognition Unit

Research Activities

Mathematical Morphology, Dot Pattern and Cluster Analysls

An efficient approach based on math ical hology has been developed to detect circular objects in
a sense. Further, mathematical morphology has been extended to detect shape of dot patiems.

The task of shape identification of dot patterns has been considered. A new shape definition called
S-shape has been proposed. It has been refined 10 r-shape which can be computed in linear time while other
existing techniques take O (Nlogh) time. Generalization of the dot pattem shape identification has been made to
take care of patterns with variable density and having line-like extensions.

An improved multi-seed data clustering algorithm has been proposed. [t has been demonstrated that the
algorithm works quite efficiently. Detection of clusters within a cluster has been worked out. The problem of
clustering of noisy and imprecise data is also studied. The problem has been considered in the context of k-means
clustering algofithm,

Computational Linguistics, NLP & Speech Analysis

From a large corpus, statistical analyses of the Bangla text is continued. Statistical analyses of phonemic
representation of the data has been done. Morphological analysis of Bangln words has been started from the

linguistic point of view. This includes preparation of suﬂ'lx list, categ ion of compound words; redupli
and echo-words, p inal and other iguil 8 ete.
Work on Bangla verb analysis has been inued and logical parsing of compound verbs, has

been implecmented. Now work on non-verb words has been initiated. A speII checker prototype has been designed
for non-word error detection in B:mgla lext. A correction steategy has been formulated. It is being exiended 10 take
care of some real world error detection. Computer impl to ph ion rule has been
worked out. Work is in progress to produce speech mode output of OCR and spell checker already developed. The
work will be useful for the visually handicapped. Work has been started on limited domain automatic translation
between Bangla and Hindi Janguages. The domain chosen for the purpose is the weather and calamity forecasting.
In coltaboration with ional School of Dravidian Lingistics, Kerals, a study has been started on avtomatic
synthesis of Malayatam speech sound.

Optical Character Recognitfon and Document Processing

An improvement, in respect of style and size variations, has been made on the existing Optical Character
Recognition (OCR) system of printed Bangla script. A robust technique for ic skew-d and
carrection for the Bangla and Devnagari text has also been devetoped. Some statistics have been puted for
Hindi lang for OCR develop on Devnagari script. A bilingual printed OCR system has been developed to
read two most popular Indian scripts (Bangla and Devnagari). Since India is a multi- lmgual country, itis |mporum
1o develop a multi-lingual OCR system. To start with, & system has been developed for of
Bangla, Hindi and English scripts in a document. Preliminary study has been started on South lndmn Language
OCR systemns like that of Telugu and Tamil.

A document page may contain different types words like bold, italics, all-capital etc. An sutomatic, simple
and fast method has been developed to detect these different types of words. The information can help to
enhance the recognition accuracy of the existing OCR system as well as to extract important information from
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document which are printed in uppercase of bold and italic styles. Work on hand printed Bangla charcwer
recognition has been initisted.

3D Digital G y and Biomedical Image Processin

An ic cell d i has been per. Different edge based techniques for
segmentation of 3-D Confocal lmngu are impl d and pared. Snake algori are suitably modified for
tracking the complete 3-D surface of the selecled cells. Deformable model algorithms have been designed and
implemented for the segment of the cells of u\lerul in volumemc uuue spu;\men images. Region based algorithms

dand i

such as seeded volume growing And 3D g are i ) d for seg ioa of
hist hological images obtained using I i P FISH signal deuxuon and counting has bees
Aulovqnuzed Algomhm for dlﬂ’eren( cytio and bistol gical feature detection and for cancer grading
are ped and i ic cancer gndmg system based on 3-D histological images is being
developed. Algorith d and i d for ion of the fil bacterias in

mdusmal sludge bued on 3-D |mng§ Work on d:vdopmcm of medical image database managemest is in
progress.

Neural Networks

An adapuve method has bezn developed to update, in an autonomous way, the leaming rate of the back

g for a i In this context a new concept, namely, the effective vale

function of the learning rate, has been der ned. The new adaptive algorithm has been found to be useful in some

real life problems and has produced much better perf in terms of gence speed than the original back

propagation algorithm. The applications considered are (a) texture segmentation problem which does not consider

a feature set and (b) classification of remote sensing imagery. Further, the robustness of the proposed algorithm is
being studied.

A modification of the self-organizing neural network model of Kohonen has been proposed. A dynamic
version of the network has been developed where the size of the network can grow or reduce during the leamiag
process depending on the data. The dynamic network has been applied for efficient shape representation 10d 2
unified approach to skeletonization of 2-D pattems (binary or gray level images or dot pattems) is proposed. The

b of the proposed shape rep ion algorithm in comparison to the existing algorithms for the sume
purpose, has been established. Certain modifications have been made so that even the local topology of e
network gets adapted (unlike in Kohnen's feature map) on the basis of the input.

Work is being continued to explore how a redundant multilayer network behaves under componeat faifre
during training and operational phase of the network.

Electronics and Communication Sciences Unit

Research Activities

The msjor research activities in the year 1998-99 include the following areas : Theoretical ad
Experimental I igations in C Vision, Biomedical Imaging and Image Analysis, Artificial Inseiligence,
Approximate Reasoning and Neuro-Fuzzy Computing, Remote Sensing and Data Analysis in Atmospheric Scieace
and Wave Propagation, Acoustic Phonetic Studies on Indian Speech and Musical Sounds Leading to Automard
Speech Recognition.

The highlights of major h works conducted during the year 1998-99 are as follows.

Mathematical Morphology
Use of mathematical morphological tools is investigated. A mul hologic edge dotectar it
posed. Results of posed method are compared with thase of conventional methods, and they ere fousd
snpenor The prop hnique is also computationally less expensive. One dimensional pattem spectrum, sl
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known as size distribution, is extended to two-dimension. As a result, the notion of shape-size distribution is beter

represented by the proposed bivariate pattem sp The properties of bivariate pattern sp are also
studied.
Document Image Analysis

Algorithms (or document image seg: ion are developed. The algorithms are tested on a large number
of benchmark images available at d image database UW-11. The proposed algorithms decompose a

document image into its constitulents : text, graphics, half-tone, table eic. A mudcl based stratcgy for evaluating
the performance of segmentation algorithm is also proposed. Work on vectanzauon of engmcenng dmwmg is also

in progress. A new method for extraction of straight lines from d gs is p and
parametrization of circle and circulars are being investigated.

Multisource data Integration

Work on integration of multisource data is in progress. A new concept called morphological tower is
employed to fuse or integrate MR and CT images to bring together information collected through diffcrent
modalities. The technique is being applied in satellite images 100, The concept of morphological tower is used to
develop an algorithm for local contrast enhancement for biomedical images.

Tuttern Recognltion

A new method for direct generation of fuzzy rules from numerical data for classifier design has been
developed. Given any iest data point, most classifiers including neural ones, classify it in one of the classes, wrong
or right : but the proposed classifier can declare ambiguous points (ambiguous with respect to the training data) as
“unable 1o classily . This is unique leature. Moreover, it can deal with fuzzy test data. A scheme for fuzzy rule
generation from RID3, an ID3-type decision wree algorithm for real data, has been proposed.

Fuzzy Control

Some model-independent self-tuning schemes for PI and PD type fuzzy conuollers hnve been developed
which attenipt 1o mimic expert operator’s control strategy. Strategies for rule i ion for such self
tuning controllers have also been developed. A novel scheme for fuzzy rule based system identification has been
developed and applied for designing self-tuning ¢ 1 A few schemes for similarity based approximate
reasuning have been proposed and applied to classifier and controller design.

Neural/N fuzzy and their y

A fusion methodology (between fuzzy logic and neural net) has been developed and tested for recognition
of vowels and occluded objecl.

Several ncural methods for feature selection and ranking have been developed. Two connectionist
schemes for preserving dimensionslity reduction have been developed. A few fuzzy rule based structure
preserving dimensionality schemes have been proposed. ([t is possibly the first attempt of this kind.) These
schemes produce excellent results and have predictability. In this regard, currently we are integrating fuzzy logic
with self-organizing feature map. Scveral variants of self-organizing feature maps (SOFM) have been developed
with more biological plausibility, low computational cast and easy hardware realization. SOFM is also used to
extract a small sct of protolypes for designing nearest neighbor classifier. The algorithm dynamicaily modifies the
network by adding/deleting/modifying protutypes to enhance perf of the classifier.

Various wunnectionist models for fuzzy reasoning huse been developed which exploit the benefits of both
newral networks and fuzzy lopic and clmunau, some of the serious limitations of either paradigm. In this regard, a
neural realization of compusitional rule of i with greater flexibility is developed.
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Qualitative Phyzsics and Computational Material Sciences

An ion of the qualitative simulation (QSIM) algorithm has becn made with qualitative curvatare.
‘The basic purposc of qualitative physics is to describe the behavior of the lex dynamical sysiem i a
qualitative manner instead of quantitative differential eq

Soncompuunglaolshivebeen y used to ch ize the hyd jon and de
of hydrogen storage pasi ials. This can result in a drastic reduction in umc. cna o
rescarch effort Lo ize new ) ials without doing the actual experiment.
Analysis of Satellite Data

The of i hensive algorithm for the classification of the convective clouds is
(a) to lrack cloud clusters in ‘s seqnence of INSAT satellile images routinely performed by the lodia
Meteorological Depamnenl (IMD). Alipore and (b) to provlde cloud motion vectors (CMV). Detesmination of e

CMV is based on que as well as hnique applied (0 the half-hourly INSAT image
triplet.  These clouds provide befterment in terms of quantity and quality of the CMVs. The work ca
dy/classification of ive clouds based on temperature profiling of satellite (IR-band) imageries has beea

reputed (under review) in a joumal. Currently effort is being made on exiraction of cloud contours (saiellite
images) by Active Centours method (one of the mast recent 1L.P. methods). Neural Network Approach is alo

pted for (urther imp of the result,
Analysis of SODAR Images
Patterns of ABL (Atomospheric Bounary Lnyel) shlpu have been extracted from SODAR images. A
rule based algorithm for network driven infe '3 as been ped and fully tested 0a
recognition of SODAR pattemns.  An algori for image seg ion based on Fuzzy c-means has been

implemented for SODAR image. Recognition and inter-pretation of ABL SODAR pattern has been published
Intemnational fournals.

Modeling of b in ABL

A model has been suggested for meruul transfer of turbulent energy in h and isotrope

rbul Inh and i a third order structure function may be expressed with de

help of third order morments of various calcgona But on the basis of the argument that the inertial transfer nge

eddies are self-similar and the function would follow a power law, spectral representation of iransfer em

(following Navier's - Stoke's equation) has been modeled in terms of the power of eddy size. Solution of these
equations will provide several i ing results as reported and icated (o journal.

A work has been taken up to understand the undedymx relation nmong the embedding dumm.u
dimension of the attractor and the dynamics of a system. It is igated how the embeddi ion of .
atmaspheric system may be calculated using different methods including the method of false neuen neighborhood
An attempt would be made to investigate with atmospheric data as to how the dimension of the attractor and ibe
embedding dimension may be used (o und: d the intemal hanism of the dynamical sysiem. A prelimi
paper was read in an Intemational Symposium.

Practal algorithm for the study of ABL dynamics

An attempt has been made to ct i rbul jon in the surface layer caused by phums.
Fractal and multifractal dimensions have ben used for the purpose. Following the well-known Kolmogorors
hypothesis, it is argued that since eddies in the inertial transfer range are self-similar, the average rate of dissipstios
if calculated over the area of the size of the inertial transfer eddy would form fractal set. The averago of the racd
dissipation in that block has been calculated. By the term ‘block' is meant the area of locality so selected that itisia
the same order as that of the size of the inertial subrange eddy.

In the present work, one multifn di ion i.c., lation di ion has been cal dand it bs
been observed that where intermitiency is visually located, deviation of lation dimension from fracsl
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dimensivn is large. In addition to the study of a sodugnm wllh the help of fractal and multifractal dimension the
study may render some intery ion of multif A paper has been published on the work
(JAST'98). A detailed study has been laken up (or implementing the findings of fractal and multifractal dimension

of wind directions so as to understand different microctimate.  Muliiteactal dimensions may have their own

pretation and are expected 1o producc ing results of far renching consequences on the basis of which g
preliminary paper is icated to an jonal seminar.
Acoustic Phonetic Study
Acoustic phonetic studies of Assamese fricative c have been i igated. S hi

analysis of 330 Oriya words spoken by four cducated male informants are carried out to sludy the lcousuc phoneuc
features of this lunguage. The elaborate study on acoustic phonetic features of Oriya vowels has been reported. All
these studies will provide reliable acoustic phonetic dats needed for computer recognition and synthesis of speech
for thesc languages. This research work also provides assistance 10 the cffor in standardisation of phonetic quality
for educational and cultural use of voice media.

Perception study

Acoustical correlates of perceptual stress pattemn in Bengali text reading is examined and reporied. The
result indicates that Bengali i a language with bound stress, (he stress bein; at the first syllable. Furthermore, the
acoustiv data supports the augmented articulatory effort theory (or stress production. In another work the patiems
of vanuus semenal duration in normally spoken continuous Bengali speech are investigated. The test bed consists
of a § minute long radio broadcast by a mule aews reader of Afl India Radio, Calcutta center. The observation
shows some pecied behavior of the | durations particulasly with respect to wordlength, position in
words and sentences as well as relation to breath pauses. Extreme low values of syllable and vowel durations hlve
been abserved. All these studies are necessary 10 develop a prel knowledge base for
computer processing of speech.

Neuro-fuzzy speech recognition

Neuro-fuzzy system has been developed for recognition of Bengali and Assamese vowels. About 80 %
recognition score is achieved by this method. An attempt will be made for speaker independent word.

Musical gharana identification

In Indian classical music different shruti positions have been extracted from records of actual
performances of several masters on raga iman. The analysis of shruti positions are necessary for identification of
different gharanas. The shruti positions have also 10 be extracied for other important ragas of Indian classical
music. The relation between shruti pe-silions and gharanas has 10 be established for identification of gharanas.

Machine Intelligence Unit

The Machine Intelligence Unit (MIU) carries out basic research concemning certain aspects of machine
intefligence. Machine intelligence conveys the core concept of pattern recognition and machine learning with the
advanced technologies like fuzzy logic, artificial neural networks, genetic algorithms, fractal, wavelets and rough
sels.

The mvcsug.-mon that is cummly bemg done in MIU prises both the devel of these
h idually and in an integrated (hy i manncr, and d ing their effecti in
solvmg various problems of pattem gnition, image p bruin modeling, expert system, vision, conlml

eic. related to the design of intelligent systems. Hyb idizati such as fi gh,
neuro-fuzzy-genetic helps in making such systems artificially more intelligent. These tools are collccuvely known
as soft computing paradigm. They provide the theory of flexible information processing, which can deal with real
life ambiguous siluations in an efficient manner like human beings, and therefore form the basis of future
generation computing systems,
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Research Activities

Paltern Recognition

Genetic algorithms with a fixed number of hyperplanes is used for modeling the decision boundaries for
pattem elassification. 1t has been proved that as the size of the training wata tends to infinity, the error cate of the
GA bused classifier appmach:s the error probability of Bayes classifier. The number of hyperplanes required for
modeling the class boundaries has been ically evolved ulilizing the concept of variable string length, Its
merit over other gies like simulated ling, lincar discriminant functions 2nd leaming utomata i
classilying pattems in R" has been studied. The utility of the system in ki ssifying the pixels of SPOT images has
also been demonstrated among other real life applications. Similar other igations include identification of
ill-defined man-made objects such as airpors, seaports. roadmaps, beaches, etc.. using 2 muluvalued recognition
sysieni developed earlier. A soft package ped on this has been handed over 10 defence personnel for
their use. An analogy of the GA classification with MLP is determined. Based on this, an algorithm for ptimum
network generation is formulated.

A modification in k-means algorithm is suggested for reducing the computing time. A minimal spanning
tree based ceiterion for finding o< for ihe construction of e« -hull has been found. A concept of fuzzy O-hull is also
proposed. A new minimal spanning 1ree hased clustering algonithm has becn proposed and its relationship with
Bayes classifier has been throretically tound.

Some i real life applicati of neuro-fuzzy approaches include EEG and [ngzrpam
classification. Fuzzy geometrical features are used for classifying distoi::d overlapping fingerprints direcily from
raw images. An inteiligent decision making system for obstacle avoidance by a mobile rohot has beun developed.
The task of incorporating audio and visual capability is in progress.

Image Analysis/Processing and Computer Vision

The multi resolution aspect of wavelet analysis is used to authcaticate the edge lncations. A new mthod

of edge detection using the concept | of muln lution and athematical morphology is developed. The aew
method is found to have better noise i and positional pared to other existing murpholog:-at
techniques.

Algorithms have been developed for pression of images based on Hilbert as well as mster scan.

Hilbert scan produces better compnssnon ratio than raster <can. For achieving good compression ratio, different
wavelets are now under investigation. An attempt is being made to segment an image using weishted entopy
measures depending on spatial distribution of gray levels.

A new gray scale based Hough transform algorithm has been proposed for finding line segmeats. This is

useful in ing gray regions, especially for satellite images.
Artificial Neural Networks
A connectionist model for leammg Hough transform has been developed which provides an efMicient
ion of the visual i C jonist models (X-tron and PsyCOP) for formation of categary
codes from mixture of pattems had been d ped which are employed for d object recognitian and pest
detection in parametric space.
Algorithms for optimal feature set selection for pattem recogniti bl and for ic sclectioa
of an optimal/near optimal archi foran MLP have been devel “Aan.Pbued h for Jetcrmining

the shape of a pattern class from ils sampled points is proposed.
Ak ledge-based ibnist system i ng domain knowledge has been developed for

P

classification and n|.le generation. The system helps in smdmg up the net other than improving ptrformlnw.
Negative rules can aiso be extracied.
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A new leamning alg is designed for blind sep of d source signals, For
uniformly distriboted sources the Fisher information matrix diverges, and under such circumstances the
Cramer-Rao bound is not applicable. It is possible to design new algorithms for such special cases which exhibit
superefTiciency of O(1/T*) convergence. The desiga of the new leaming algorithm is an attempt in that direction.

An application of neural nets has been made in the areas of materials to make it more productive and
useful st much lower cost, ¢ffort ond time.

Genetic Algorithms (GA)

Here the i igation involves both theoretical devel of GAs and its different applications o
patem recog and image p i bl Convcrgem of GAs with elitism is proved. Pessimisuc and
optimistic stopping times for GAs (with elitist model) have been obtained. Auempis are being made to find average

€ -oplimal stopping times for GAs.

The effect of emulating sexual discrimination in antificial genetic algorithms is studied. The results show a
marked imp: over the ional or asexual genetic algorithm. The schema theorem is shown to hold for
the modified methodology. 1t is established that in most situations the lower bound of the number of schemata
sampled by the modif ed malhod u beder than its conventional counterpart The effect of chromosome
differentiation for perfe g d c peration is studied. This helps in accelerating convergence of
the GA process.

A new hnique called ™“self- ", which retains the stochastic and  evolutionary
characteristics of genetic algorithms, has been proposed. This new operator serves the combined role of crossover
nd mutation. It has been proved that self- €an g any p ion of 2 given string. Its utility has

been d d for feature selection problem and vaelmg Salesman Problem.

A concept of “age of individuals” so as to decide the *p hood' of them is introduced; this is seen o
mainsin more  diversity in the population. Middle aged individuals are considered 1o be more fit 10 produce
offspring. In another work, parents’ fitness is used as a purt to decide the fitness of individuals thereby giving
more importance to individuils coming from “better families’. This gives more directionality towards the goal. A
few sirategies are developed to select mating pairs for the crossover operation. A study on the utility of the
mulu-parent crossover (in contrast to two parent crossover) is also made.

A concept of search space division by employing a multi population scheme is introduced. Here a GA
divides the whole search space into sub spaces depending on the convergence starus of the population and the
solutions obiained so far. The scheme heips to prevent premature convergence to local optima for multi-modal
problems.

A methodology for hing robust solutions (in contrast to the best one) by GAs is developed. The
scheme employs addition of noise with the search space parameters, before evaluating the fitness of individuals.
This scheme helps in real life design problems where solutions are expected (o be unaltered with small variation of
parameters,

A GA based model to evolve Hopfield type opti network archil for object ion has been
developed using fuzzi The p of GAs vis-a-vis simulated ling for optimization is
investigated.

A method has been devcloped for fitting straight lines to data sets using GAs. Its superiority over the
spline based methods is established. The problem of outliers has been tackled effectively.

Fractals and Wavelets
A method has been developed for magnifying digital |m|ges using fractal codes. These codes are

generated using GAs that reduce the memory i and puling time. A math ical analysis of the
reconstructed images using IFS codes hes been carried out. This GA “based compression scheme has been

43



Indian Statistical Institute

nmfully extended (o color imgu An edge extraction algorithm for images in the process of fractal
has been di d. Auempts are being made to develop an online photocopying algorithm for

image compression.

Wavelet analysis provides multi luti P ion of signals which leads to a fast wavelet
transform. Wavelet frame gives an over complete representation of the signal and it is translation invariant. Aa
efficient and robust scheme is being developed for reliable feature extraction with special emphasis 10 rotation
invariance, using multiresolution wavelet frame analysis of the textured images.

Neuro-Fuzzy Computing
Concept of fu2zy sets has been incorporated at various stages (e. g mput, O\Ilpul. leaming and neuronal
fevel) of Kohonen's network and multi-layered percepiron 1o handle imp or linguistic input data

and intraciable pattern classes for recognition. Its exiension to expert system for mlc generation und inferencing
has been made along with applications to real life data. This shows how pattemn description in terms of linguistic
propcmes and membership values can be processed by 8 neural nct I‘ov fuzzy and crisp classification. A

k for integration of multilayer p and fi has been dcvelopad to
dulgn an unsupemsad system for object extraction. lmplemenlauon of fuzzy set Iheoretic operators using neunl
networks and the utility of these ks in pattern classifi and rule g ion have been d

Various ways of integrating fuzzy set theory and connectionist systems for featun: evaluation under both
supervised and unsupervised modes have been formulated together with the theoretical analysis. An atiempt is
being made for building a case-based pattem recognition system in this framework. Incorporation of fuzzy set
theory helps in selecting the {\il cases} from ambiguous/overlapping regions. The network model is determined
through growing and pruning of nodes under supervised mode of training.

Brain Modeling

The human brain is a much superior infe i hi pared to any artificial device
constructed so far. This has fed scientists 10 study in detail the different processes involved in biological neural
computation and o incorporate the facts so gleaned into more realistic models of brain function. This enterprise,
known as ““brain modeling", aims to create artificial entities, more “'intelligent” compared to present-day systems in
performing cognitive tasks.

Work has been carried out in ks of excitatory-inhibitory neural pairs with piecewise linear
activation function. Even simple networks have been seen to exhibit a cnmplcx range of behavior, including
super-stable periodic orbits and chaos. Analytical calculations and lations have shown features like

border-collision bifurcations and riddled basins of attraction of the syslem The investigation also uses signinidal
activation functions. Molivated by the neural architecture of the reting, three layers of such pairs have been

d via appropriate weights. Edge-detection and ion of gray-level images by p ing Urough
these layers have been studied.
The ph of state synchronization among el of a coupled chaotic network as been studied.

A system of three chaotic elements was coupled with each other, such that they competed with each other in
phase-synchronizing the network. This work i~ pertinent in discovering the neural basis of ~attention”,

Stochastic R (SRY) is a nonli h where noise plays a constructive role by enhanciag
subthreshold signals. As the output of deterministic chaotic process is cfiex indistinguishable from noise, 2 study
on whether chaos can give rise (o SR-like behavior was carried uut. Using a piecewis« linear chaotic map, period
perturbations were given in both multiplicative and additive sense. It is shown that in all cases the respon<e of e

system is enhanced at the signal freq . This points (o the utility of chacs in neural networks for 1mplitving
weak stimulus,
Fuzzy Sets, Rough Sets and Applications

A new method for extracting fuzzy if-then rules for pattern classification is developed. The umuing dwa
is clustered for each class sgparately using subtmctive clustering method or fuzzy c-means. The method account
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for interaction between data from different classes resulting in & better initial rule-base which is further refined
using gradient descent. After hardening, if a cluster primarily consists of points from a particular class, then that
cluster was Iranslated into a rule for that class. Otherwise, the cluster is split into more than one subclusters and
each subcluster is translated into a rule.

An integration is made between fuzzy sets and rough sets, by providing a measure of roughness of a fuzzy
set. Propertics of this measure have indicated possible applications for handling uncertainties in the field of pattern
recognition and image analysis.

Rough sets are combined with fuzzy neural rks for designing & knowledge-based sysiem. Rovgh
set-theoretic technigues are ulitized for ing crude domain k ge that is encoded among the connection
weights, using dependency faciors and reducls. The optimal number of hidden nodes is automatically determined.

The classification performance is found 1o be better than the conventional and fuzzy versions of the MLP.

A way of incorporating genetic algorithms in this framework, for classification and rule generation, has
also been devised. The novelty of the method lies in applying rough set theory for extracting dependency rules
dircctly from real-valued attribute table consisting of fuzzy membership values. This helps in preserving all the

class rep points in the dependency rules by adaplively applying a th d that ically takes care
of the shape of membership funcuons The GA tunes the l'uwl' cation parameters, and network weight and
y ly by optimizing a single fitness function. This methodology helps in imposing a on

the weights, which r:sulLs in a nctwork more suitable for rule generation.
Projects Undertaken

The Institute has an intemnational collaborative project with the College of Engineering, Osaka Prefecture
University. Osaka, Japaa, which was initiated and is being coordinated by MIU. Members of MIU are also invalved
as co-investigators in the Indo-Polish collaborative project titled Reasoning under uncertainty about complex
objects/rough set theory and fuzzy set theory. This is coordinated by the Dept. of Science and Technology (DST),
India and the Polish State Committee for Scientific Research (KBN), Poland. Several other externally and
internally funded projets were also carried out during the year 1998-99. These are listed elsewhere.

Physics and Earth Sciences Division

The division comprises Geological Studies Unit and Physics and Applied Mathematics Unit. Faculty
members of the division are engaged in leaching and training in B. Stat.,, M. Tech. (CS) and M. Tech. (QROR),
besides their research and project work. Research carried out in these unils are described below.

Geological Studies Unit

The Geological Studies Unit is conducting a number of thematically i d research
cenlered around the Proterozoic geology and Gondwana geology of several basins in pemnsular Imim Emplncal
statistical analysis of naturally arising field and laboratory data is an important aspect of research of the Unit. The
Unit is also supporting research programmes on Colloid, Surface and Environmental Science.

Research Activities
Proterozolc Geology

Origin of massif-type chamockite of Jenapore, in the norlhenslem sector of the Eastern Ghats belt, was
studied and dehydration melting in mafic rocks has been d Petrologic and geochemical studies of the
so-called incipient chamackite of Kabbaldurga in Kamnataka reaveal older mafic gmnuhtes and not the peninsular
gneiss as the precursor of the chamockites. Field data suggests an extensional setting for the emplacement of the
alkaline complex of Rairakhal, Sambalpur district, and different phases of the alkaline magma have been identified.
Granitoid enclaves in the granulites, at the northem margin of the Eastern Ghats belt were dated by Pb-Pb Zircon
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and Rb-Sr whole rock methods as ca. 2.8 Ga. Apromiaent shear zone marks the boundsry oflhegmmlhzmﬂ
of Bastar. Addil bimodal {astics and hybrid andesiti

it
8! PY

no(ed in the area.

Two phases of minor folds, the first set represented by overturned to reclined folds and the laiter set by
upright to inclined folds have been indentified along the eastemn margin of the Nallamalai Fold Belt (NFB). The
granitoid at the core of the Vellatur domal structure is syn to late lectonic with respect to the latter set of folds.
Around Vinukonda and further south, granilc-gneisses are overthrust along the easten margin over the
Bairenkonda Qumzue of the NFB. Analysis of structures show that in the western NBF slaly and Jor domuml

ppeared early in the seq of 1 of as cleavages are i
vemml to overtumed fold fimbs or in steep shear (fwll) zones.

In the Sanipai-Balrajupalli section Cuddapah district, & pranitoid basement with dyke swams is
non-conformably overlain by a c. 100 m. thick succession dominated by fine 10 coarse sandsione and some shales,
The sediments were derived fmrn the exhumed b The ly d hale seq (c.10ma
Sanipai; the Nagari Quartzi storm infl on shallow shelf deposit. The above facies are persistent

over a strike length of aver 30 Kms

The plutons in the Sonakhan Belt of Chmisgar‘h in Central India and the surrounding granitoids belong to

granite and granodiorite fields in keisen's QAP plot. Bulk of the granntoids are syntectonic with respect io

defc ion in the sup Is (g Def mic} in quarz and feldspar supgest

perimp of a subsolidus deformation fabric subparallel with the magmatic fabric in the syn-tectonic
granitoids.

The thick sequence of sedimentary rocks in the Sonakh belt is b d both to its east and

west by volcanics dominated successions. The pebble lithology indicates that the detritus were pnmanly derived

from a volcanic chain with i ives of granitoid rocks. The congl and sand: loped as a series

of coalesing dep marine fans, forming an apron.

A fan delta-prodella and two prograding shelf ions have been identified in the southern part of the
easten Chartisgarh basin. Repeated sea level changes, rifting and uplift along its easien margin is indicated. A
riftogenic origin of the Chattisgarh basin is postulated.

An attempt has been made to deli the Mesop ic - Neop ic boundary in peninsular
India. The kimberlites which intruded the Indian peninsulu in widely separated arcas around Cuddapah basie,
Vindhyan basin and Indravati basin at around 1100 Ma may be considered as a key clement in defining the
Meso—Neopmlemzom boundary. Thc bounda.ry may be rxcd at l000 Ma, and it would be compatible wih
jions of the I on graphic Correlation for global chronomeuic

lassification of the P

A brief field work in lhe Dongargarh basin led to the recognition of a thin neollﬂn deposits. Recognition
of acolian deposns in several di basins, i.e. D rh, Sullavai or Vindhyan, special i
of wind activity in Precambrian Earth surface processes. Acolian deposits are uncommon in rocks older than 1500
Ma. The Dongargarh deposits are prbably more than 2200 Ma old.

Gondwana Geology

Field work on the Lower Gondwana Barakar and overlying Motur Formations has revealed remarkable
contrast in the sand body architecture of these two units. A remarkable change in the climate and also in the rake of
basin subsidence through time is indicated.

The studies in the Upper Gondwana Denwa and Bagra Formations (carly-middle Triassic to eadly
Cretaceous in age) of the Satpura basin were continued. The facies analysis of the Denwa and the Bagra sediments
indicates presence of different fluvial systems and sedimentary processes in an alluvial seting. The lower part of
the Denwa Formation is devoid of recognizable paleosol profiles, whereas the upper part coatains a number of
well-developed, mature, calcic paleosol horizons at different stratigraphic levels. Vadose zooe pedogenesis uader
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semi-arid climatic serting is suggested. The 8 ¥ C values of the paleosol carbonates indicate that the partial
pressure of OO, in the atmosphere was much higher than the present atmospheric concentration of CO,

A new faunal assemblage very similar (o that of the Moenkopi Formauon uf U S.A. has been found from
the Denwa Formation. It comprises two new species of Pr hus, 2 donts and rh
estublishing an carly Middle Triassic age tor the Denwa Formation. The ov:ylymg Bagm Formation produced
archosaur teeth and vericbrae. This latter finding indicates the presence of another younger faunal assemblage.

review of the Gond b of India has been completed. A synthesis of the availabl
data on the Tiassic ial brate biochronology of India has been compleied. The sequence of Triassic
ial b is mast letely preserved in India than in any other Gondwana province of the world.

Collold, Surface and Environment Sclence

on i solubilization of water, oil and other mgredlcnts in microemulsion

systems using single and mixed surfactants vis-a-vis their physicochemical studies are in progress. It has been

shown that the Jilferent phases (monophasic, biphasic, lamellar, liquid erystals ete.) coexist in equilibrium systenis.

Besndﬂ n large, clear nngle phm (1) zone have found in most of the systems indicating a good prospect of
3 the additi

Physics and Applied Mathematics Unit

The taculty membens of PAM!' carry out research in diverse areas of curvent interest in Theoretical
Physics and .\pplied Mathematics. Most of the Applied Mathematicians of the Unit are engaged in experimental
siudies as well. Apart from problems of theoretical nature, real life problems are also taken up by the scientists in
the Unit. There include collaborative research work with other Units of IST and with different Institutions in India
and abroad.

Apart from research activities in Physics end Applied Mathematics faculty members of this Unit are
engagul in teaching various courses like B.Stat (Hons). M.Tech (CS), M.Tech (QROR) and Regular Course of
{SFC The Scientists also guide and assist research students (towards the Ph.D degree course) and reseasch
associates. Scientist in PAMU also conduct advanced courses to reseasch students.

Research Activities
Theoretical Physles

Data analysis and modelling of blizzards of experimental results emanated from both the natural and
laboratory based accelerators .Il\ll :ulhders at very high and ultra high encrgies are of importance in Physics as they
help one unds d the g d behaviour of high energy particles and astroparticle collisions. They ulso
throw light on the actuul nature of strong i ion dynamics and imp particte s . Recent research in
this area boldly anempis tu provide some understanding of the ‘soft’ (non-perturbutive) co]lisiuns. which constitute
1uughly 90 per cent of the natural events at high energies.

In the area of Condensed Maiter Physics, ical und ing of various ch istic features of
integr..| and Fractwonal quantum Hall effect as well as topological aspects of high T, superconductivity are of
curreat interest. A new unified aporoach through chiral anomaly and Bemry phase furmalism has been propused to
study quantum Halt effecl

In the ging area of Extended |1 d ics, an d lation of M. 11 et d
has been suggested using the concept of sapee- chnrgc in vacuo as wcll as the existence of condutllvuy in vacuum.
This helps w solve some of the difficulties d in I M. 1 . Non-zero rest inass

of photan has been shown to be ussociated with longitudinal sofution, which might play significant role in
asirophysics and quantum gravity.
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The research in F ions of Quantum Mechani the probl of Quantom Esntanglement,
Unsharp observables, Bell-type comrelations and large scale of the uni New experi have been
d 10 detect the using molecular detector.

prop P P

Nonclassical states of the radiation ﬂcld are of current muml in the area of Quantum Oplics, a3 they
have iderabl lications in optical and p A specific realization of the
phase space has been: suggested in the context of Pegg Bamett quantum phase theory, which plays an important role
in Quantum Optics.

Solitary waves and double layers in relativistic multicomponent plasma is the most important area of
research in plasma physics. Exact pseudopotential for a relativistic plasma has been derived for the first time.

The study of Q-d ion of conservative quantum dynamical semigroup, PT

y in g hanics are the topics of current research in Sppersymmetric Quantum Mechanics. 4

novel way of supersymmelry breaking has been proposed in a paper. A connection between pantial algebrization

u\d supersymmetry has been also sugg:sled A formahsm based on WKB, MAF and SWKB methods has been
loped for d ining energy eigenvalues of confined q hanical systems.

In the area of Theoretical Astrophysics, Wolf's discovery of shift of spectral lines is under investigatior in
case of logical redshift. An imp work that had been done was to show that the shift of the specisal lines
is larger than the width of the lines contrary to Schrddinger's work. Tully-Fisher relation has been derived recenly
within the multiple scattering theory, which relates the width of the spectral line and the distance of a quasi-siellar
object. A more general relation between the distance and the width is predicted, which may be verified for high
redshift quasars.

Pattem-forming Instabilities are about the physical systems driven far from thermodynamic equilibium.
which often show ition from isotropic state to anistropic one varying in space of in time. Selection of variow
spatio-temporal patterns and other nonli h in soft condensed matter ure of current interest. The study
of granular materials under vertical vibration addresses some basic issues in the area of physics of gramly
materials.

Applied Mathematics

Integral lving iated Legendre funcions and other special functions are being
developed and applied to handlc blems on i hanics. A variety of integral equations, dual iniegrd
equations, Fredholm integral equations, hypersingular integral equations arising in various arcas of mathematica

physics and water waves in particular are being studied.

A few models in the area of inventory and queueing have been constructed. The inveatory models

involving stock-dependent demand have been received wide appreciation in the Operations R h literature,
Fluld Mechanics

Basic fluid flow models for Industrial Fluid Mechanical problems are loped with & view to undersiasd
the physical p involved in their industrial applicati On thin flm developmcnl research, il has been

observed that it is possible to obtain an ultra thin ﬁlm of desired thinness on a rotating disk by applymg a specia
type of temperature gradient on the disk surface. It is expected that this finding may be useful in spin coating
process.

The study of Hydrodynamic Stability and Waves is concerned with the design of heat exchangers s
condensers. Flow instability and formation of waves on thin film of both Newtonian and non-Newtoaian fluids ¢
of current interest. A possibility of solitons in thin film of non-Newtonian liquid ﬂomug down an inclined plaoe s

predicted. Deformation of free surface even in thermal ion is having ik interest.
Turbul t are p d)fﬁcu.ll lo wlvc due to inherent closure problems in them. Sevend
models have been developed within the fi k" Approaches to Turbulence” and applied to stratified
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flows, rotating flows, llows with suspended particles, bubble plumes etc. Modelling two-phase turbulent flows is of
cuncnt inlerest.

Research work in the arca of Water Waves is decp und intensive. Tt involves problems on source
iall ker prob water wave s ing and radi probl interface wave scattering problems,
bl on wave g ion due 1o initial disturb. bl of i ing waves agninst a chiff, problems in

mnﬁed fuid. Lmear theory is assumed and the cmpll.xsn 1 on anlytical and numem:nl techniques.

Interdisciplinary Research

The recent neuro-physiological experiments in the area of Brain funclion and congnilion process challenge
the century old dogma thal the cerebellum participates only in molor activities. It is indicated that it panicip
alsnin cogmuon process. No integration theory cxnls 0 far s0 as v explain bnlh these activities. The concepl of

Hi ity has been introduced so us 10 expalin both kind of bechaviors using the idea of
qu.mlum filters. The dJata from patients are under critical investigation to test the viability of this approach.

The study of Dynamicul Systems and Choos concerns modelling varivus physical problems. They are very
useful in the undersianding of unfolding of bifurcatiun mechuninms as a function of an cxternally controlted
parameler of the physical systems in consideration. A new type of bilurcation scenario is proposed for a model of
thermal convection at the onset of convection in the limit of zero Prandil number.

The institute has a Hydraulic Flume Laboratory attached o the Physics & Applied Mathematics Unit. This
laboratory was set up in 1978 with an ann to generaie multifrceled data on di P This work is
interdisciplinary in nature involving a Nuid dynamist. a statistician and a geolngist, Matl ical models have been

dev:loped to estimate lhe bcd Joad, suspendcd loarl, deposited grain sn.e distributions eic.  Sediment transport,
ion hydraulics, MHD flow and connective flow due to heat transfer are not current

p

II‘NCNSI.

In the area of Multivariable system and control theory, the focus has been on developing Numerical
Methods for analysis, design und development of Multivariable Conirol Systems. On Realisation & Identification
of systems, works have been carried out. Computational methods have been developed to decouple linear
mulivariable sysiems. Numerically reliable algorithins have also been developed to compute coprime Matrix
Fraction Description {(MFD) of rational transfer matrix of system. Presently, works in the asea of Robust Control,
Numerical Methods, Adaptive Control are being done.

In the area Bio Fluid Dynamics, Lhe problem of blnod fluws through ariary and cardiovasculer system, two
fayer model and hematocrit dependence are of current interest. Effect of temperature dependent viscosity is also
under investigation.

Biological Sciences Division

The Biological Sciences Division is engaged in studying ihe varied biolog g plant
and animal kingdoms. including humans. It compriscs the following units : l\gmulluml Science Unit,
Anthropalogy and Human Genelics Unit, Biochemistry Unit, Biometry Unit, Chemistry Unit, Embryology Unit and
Plant Chemistry Unil. Faculty members of all units participated in teaching various courses of the Institule and of
other organizalions. They were also actively ergaged in guiding research of Ph. D. students. Research aclivities
carried out in these units in the form of various projects are described below.

Agricultural Science Unit

Research Activities / Projects Undertaken

Crop-Soil Weather Relationship
Aim of these studies is to establish suilatable cropping systems through praper utilization of min water
and stlect p jal und improved vurieties p ing steble yield under varied rainfall situation, Currently.
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collection and analysis of weather data of Giridih farm where besides rainfall, other parameters affectung
productivity are also being studied. Farm based trials with emphasis on rice based sysiems were carricd oul tiy
year with above objective.

During this year. attempts were made to coretale long-term rainfall data with the performance of nce
varieties during last 10 years in our farm on different land situations,

Technology Performance Studies

This work has been continuing for some time. The objective is 1o sclect b fogically suited
technologies in an attempt lo develop packages of farm practices related to crop/variclics on different lund
situations. Suitable cultivators of rice, maize, pigeonpea groundnut eic. for rainfed farmung through prductiviy
criteria based on yield and stability were ideniified. A few cco-fricndly and econumically viable low wpw
technologies have been suggesied.

Subsistent Farming Studies of Bihar Plateau Reglon

This work was initiated to locate Lhe status of resvurce utilization, constraints for technologieasl adopuon,
and to identify and ine the indig k ledge systems of the villages while practicing subsistence farming.
A survey work was conducted at the Usri watershed of Giridih area 1o prabe agro-ecologial construmts  These
include micro-level rainfall pattern as affected by environmental changes. soil resource -tatus, technalogy adnption
by farmers etc. In order to gain intimale knowledge of technology adoplion. u completc houschuld survey uf three
villages was done in the walershed area with varying socio-cconcmic systems, producuvity, ecowgy and
technology adoption rate. The resource data have becn anulysed through GIS 1ools.

Horse gram : Biodiversity of local germpl. their evaluation and agrotechni standardisation

Among the pulses, horse gram is important for Bihar plateau region, since it is tolerant to drought and

popularly grown in dry and upland areas. About 30 per cent of total agriculiure in Indiu 15 not having any iertgation

facilities. Horse gram is presumed 1o be originated in India, hence genctic vanability of this crop is expecied Lo be

Its cost of cultivation is nol much and it can be used as green manure and cattle feed apast from s usxe

for human consumption. In this siluation it is necessary 1o improve ils cultivation and productivity. We shall work
to up-grade the genetic potentiality of this crop and siandardize the agro-lechmgues.

Seed materisls are collected from different horse gram growing places of Chotonagpur arca of Bihar and
1S germplasms {rom NBPGR, Akola Centre.

Work on Palmae

The pro;ocl deals with the study of various aspects of the family Palmae (Arccaceae) such as.

8Y. y. phyllotaxy, ontogeny of cndosperm in fruits, palynology. omwugeny of
endosperm in [ruits, pulynology. ecalogy and conservation. [nterusuing findings were obtuined (lum these studies.
The work on two phases had been compteted earlier. The phase 111 work deals with ecological unatomy of palms
from different habitals, ontogeny of trichomes of leaves, and conservation of some endangered species.

Introduction of ofl patm and high ylelding coconut cultivars In the sundarbans ares of West Bengal

The project was initiated in collaboration with the Depantment of Agriculture, Government of West
Bengal in 1986 with the objectives : (i) to find out the possibility ~f introduction of vil palm and (i) to seloct the
most high yielding coconul palms among the well known high yielding culiivars, suitable i the Sundurbans.
About 95 per ¢ent of oil palms and 40 per cent of coconut palms started flowering.

Eco-floristic and feal | Igations on mang of Sundarbans

In a continuing project on the mangroves of Sundarbans, studies were conducted with respect to their
floristic survey, morphology of secds and seedlings, anatomy of leaf, siem and ruol. palynology. ecology.
chemical characterization in view of their salinity stress, and medicinal properues. In the past year, interesung
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results on anutomical aspecis had been obiained. The work in the year 1998-99 centered on root anatomy, chemical
estiniion of prolines and medical propertics of leaves of different mangroves.

Biudiversity of Sundurbans mangroves and identification of eco-conditions for rehabilitation of some
endongered species

In this SURDAC funded project, an attempl was first made 1o determine the oplimum size and shape of the
quadras for maximizing information on the sbundance of species in the study area, Empirically it was found that
both for species b ¢ und biomass, from lurger quadrals were less variable as compared 1o the
smaller ones, there were many cases where quadrats of intermediate sizes performed better than the largest size.
Further study 1n this line is in progress.

Anthropology and Human Genetics Unit

Apart from carrying out research work in different arcas of Biological Anthropology and Human Genetics,
taculty members of the AHGU regularly participated  teaching in various courses offered by the Institute and
Calcutta Universety, Some of the facully members are so engaged in Supervision of Ph.D. theses.

Rescarch Activities / Projects Undertaken
fealth Status and Lubour Productivity

A project was undertuken under tie title nf Health stutus and fabour productivity in order to find out
casual relatrosship betweer: health and antritional status of a libourer with histher work output. The study has been
dexigued to denufy the intervention pomts alxo of productivi'y of a labourer. Agricultural labourers were chosen
tor the present study and all the Jata have been collected. Complete analysis have not yel been done. Pretiminary
anatlyais show that the threshold age for peak physical activity is 30-34 years in case of males and 25-29 years in
case of females,

ENects of Microenvironmental Factors on Health in Rural Populations

In the past vear, demographic data colleeted from Munda ftribal) and Poundra (Hindu) living in the similar
halutat, and more or tess same  working pattern. were analysed in order 1o compare the infant monality rates
amony these groups. he study in the year 1998-99 locussed on the effect of working patterns of the mothers of
these wrams. It wis found that while the previously observed differences among the groups prevailed even in the
presence ol the new information. Fuither, the inlants with working mothers were found to have higher monality
rate than those with non-warking mothers.

\Women's Studies : Iealth and Well Being

The ongoing phase of the project anned 1o evaluate health status of women over their entire life span -- on
the perspectives of joining vut-of-home employment in the city of Caleutta.

The group studied mcluded women at their prime working age and at their age of reticement and beyond.

From the results obtained so far, and from the various other studies, il can be generalized thal women,
who lived mostly m duat earoer households. seldoin reporis feclings of high stress though they still have to take on
responsibilities for household management and child rearing. It can be prcsumcd lhn( wuh respecl 1o the
relatunsinp with the fumily, the couples probably try 1o maintain an acc p between
themsefves. which helps them to take on collaborative sutitudes in the family, which in tum mngh( help mmg:ue the
stress, 1f any. In gencral, the retired individuals. imespective of gender, were shown lo have more psychological
disturbances. The non-retired group, often reporied to have more spouse support compared to the retired one.
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Detcrminants of Health Among the Hindus and Muslims Living at Different Cultural Settings

Health secking behaviour is one of the main components of healih culwre of a community. Health colture
is one of the major components of the total way of life of human beings.

Each community has its own cultural identity. With the development of various health institulians bring
about changes in  health cullure of 2 commuaity. Access 1o health services and health care delivery system
determine the culiural responses of thc community.

A same community is sometimes found at different cullure-i complex (from remote rural village to the
Industrinl and further to strassful city). Thus there is a change in health culiure at different social mitlicu.

With (he above end in view. the Hindus and the Muslims living side by sidc in adjacent but different
clusters were selected from (1) a rural village in WB, (2) one Industrial town in WB and (3) an urban (siressful)
slum in Calcutia city. It is also planned 10 collect data on the Buddhist Tibetan refugees living in Ganjam district,
Orissa.

Modernization and Health in the Sikkim Himalaya

The project is aimed at examining the relationship between modemily of lifestyles and health
characteristics among the Bhutias, a tribal populatinn of Sikkim

So far, socioeconomic information and qualitative information on food habits. health care practices have
been collected from about 85 rural Bhutia houscholds inhabiting S villages in South Sikkim.

Genetic Diversity of Indian Populations

Based on data gathered from relevant publications, this project focusses on carrying oul statisticd

analyses for obtaining profile of genetic diversity and affinilies among Indian ethnic groups on an all-India scale

pilation of data, estimation of gene I ies and genetic diversities have been completed. Most populaiions

are found to harbour a great deal of diversity. Further analysis on delermination of genelic affinities are v
progress.

Genetics of Complex Traits

In the area of human genetics, research on the l‘oll(mmg themes are being pur(uzd (a) genomic diversity
in ethnic populations of India, with a view 10 ud H 3 ionary tistorics of p ions, tracing trails of
prehistoric migrations and the genelic structurcs of populations, (b) ideaufying genetic ana environmental faciors
underlying plex human disorders, (c) developing statistical methods for understanding and mapping the
genetic architectures of complex trails. Some statistical models uscful for the study of multilocus dichotomeus traits
have been proposed and applied to family data on vitiligo. Statistical procedures for the mapping of quaniitytive
trails are currenily being developed.

Chaging patterns of Resource Use and its Biosacial Implications : An Ecological Study Among the Gangtes
of Manipur

(a) A project on Genetic microdiffcrentiation among the Golla subcastes was carned out. using hypet
variable DNA markers, and these were compared with the trends based on the traditional quantitative variabies
among the same. This study has been first of its lype n examining the process of differcntiation it the lowest fevel
of human population hierarchy, vsing ths DNA markers. This study helps in examining the usefulness of STR
markers in such swdies and their relalive superionty to the tradilional quantitative vanables. This work wx
carried out in collaboration with the universities ol Konsas and Cincinnati, USA. as a Visiting Fulbnghi Scholut

(b) During the year two ongoing collaborative project on the (i) Biological affinitics between the mignat
and parental populations of fishernen on the East Const of India. and 2) Quantitative Dermatoglyphice s
Population Structure in the North West India have been finaliscd. As part of these projects examined the paftems
of gene flow inta migrants and among the North Western populations, using R-matrix analysis.
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Genetics of Dermal Ridges

Thc oh)ccnvcs of this project are to study (i) Population varialion in respect of dermatoglyphics and
d pl y y. (i) Association between palmar and plantar dermatoglyphics. (iii) Inheritance of
denmluglyphns (wv) Inheritance of dermaloglyphic asymmetry. (v) The asymmetry of some bilateral
anthropomelric Iraits along with some other measurements, their inherilance and ussociation with dermatoglyphic

character. Data of 500 families from 5 dilferent endogamous populativns are being used for this pioject.

Human Growth

Analysis uf data on the assessment of nulritional status of the adolescents (ollowing the WHO (1995)
criteria has been done. Primary arangements for a repealative growth survey has been completed.

Epidemiological investigalions on genetics and environmental factors related to diabetes

The study of cpidemiology and some clinic- genelical aspects of diabetes mellius, aims lo specify the needs,
monitor long term complications and select he proper management for those sulfering from this grievous disease.

Genelic survey of some endogamous groups of Northera India

l in three differeni hical regions of Uttar Pradesh : (1) Garhwat

Genelic survey has been ¢
region (near Mandakini Valley), (2) Lucknow and (3) Varanasi. Abaul 1600 blood samples were collected from
Ine caste group, one tribal group and one other religious group. Biochemical polymorphism und DNA
polymorphism have been screened in the laboratory, several phenotypic variant in biochemical markers have been
found, such AKI ADA. 6PGD. G-6PD. PGM! and MDH.

Gene Environment Interaction
Studies on susceplibility genes, which make an individual susceptible (o different diseases c.g. oral cancer,
antitubereulosis drug induced hepatotaxicity, are being persued. I has been observed glutalohcuse-s-translerase

MI ‘null” mulation increase the risk of an individual to tobacco induced oral cancer and antituberculosis dmg
induced hepatotoxicity.

Biochemistry Unit

Research Activities / Projects Undertaken

fluman Uterine Cervix Cancer Databuse : Moleculur Fpidemiology (partly under SURDAC funding)

The mujor cancer burden of the female papulation of India is uterine cervix cancer. By the time most
vases are reponied. the stages are advanced and fotal. ¥t has been projected that the number of annual incidence of
0,09 mitlion in 1986 will be increased to 0.14 million by the tum of the century. Prevention and control of many of
these premature death is, therefore, worthy of surious consideration, especially, in the context of women health in
{ndia.

Cancer of cervix stans with a pre-invasive curable stage, cervix dysplasia, which is considercd as a
pre-cancerous lesion. There is a large body of evidence, which indicates that effeclive cervical cytology screening
(Pap test) program could result in reduction of morulity from cervix cancer. Moreover, it becomes necessary to
have an inaightful grip on vanous relations and dynamics present among the key factors [such as Pap and Human
Papilloma Virus (HPV) il licalion. age al registralion (Age), age at the consummation of marriage (ACM)
und Purity (P)} of the process

The process of cancer building is quite complex and non-linear in nature. A ‘forward search' approach to
madel building was udapied in this context. First, Pap screening duty collecled from Calcutta Medical College
lisspitad (CMCH) on wuinen were studied in order to understand the nalure of relationship beiween Pap indicator
and various demographic and socio-ccunomic factors. A simple model search using multiple corvelation identified
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the major factors as Age. ACM and P for prediction of Dysplasia statws. Further analysis revealed some possibl
dependence between Pap status indicator and P, The Pap indicator, however, was obtained through cytolagical
tests. and showed strong pussibility of being subjecied to measurement error This led 10 the second companent of
investigati where a regression analysis bused on calibreated posterior (RACP) technique was developed for

scaling ordinal measurcments using proportional odds model.  This is applicable whenever experiments ar
replicated on the same subject.

The next phase encompassed i retrospective study on cervix cancer patients. Information on the presence
of HPV (1&/18) has been coltected slong with other cyto-and histopathological information  The viral toad and
types HPV 16/18 in this ncoplasia in 66 cervical biopsy specimens was iavestigated in order to study whether an;
association existed between the two. By analysing the data using 2¢2 contingency tables. it has been found that
HPV positive wumors are prevalent (77 per cent) with higher numbers of HPV 16 (73 per cent) followed by HPV
18 (20 per cent). The data further revealed that HPV infection had i strong association with Climeal staging ad
histopatholoic grading. but none with Age. Age al the consummation of marriaye or Panty.

In the final phase, data were collecied through in-depth field visits on a number of women. For exch
subject, u pap smear, & smear for Gram-test (mainly for iplococed infection) and a cervieal lavage for HPY-say
were Iaken. A check-list with several denogriphic vanables, such as Age. ACM P; Iife sty fe-vanables bhe
dictary and ather habits. mantal/extra-marital history: biological, such as. menstrual, obstetrical. crstracepiion
history, past medical history, if any. Added to these are. clinical. cywlogical, any STD-problem
HPV-indicators with foliow up visits. A total of 260 subjects have so far been enraticd with 45 Follow up dt et
one} visil.

Folic Acid in Cervical Preneoplastic and Neoplastic Diseases

The study remained focused on women with cervical dysplasia’cancers o investigate several aspects of the
role of folic acwd in neaplasia. A major yuestion is whether fohe wcid play uny role in prowrammed cell seath
[PCD| (through apoptosis) during the process of normal maturanon and differemiation of cencai epithelior
versus in the abnormal cell proliferation.

In the past years, apoptosis in cells from cervical scrapes of women who are nsk for the develepment cf
cenvix dysplasia/cancer were studied along with controls

Development of in vitro Model for Corcinogenesis/Tumorigenesis

There has been a need for a model system for the study of carcinogenesisvtumorigenesis. A hemar
peripheral blood lymphocyte culture sysiem wis established 10 explone the possibility of using it for develomas
markers {through apoptolic mechanisnn) for wmorigenesss.  The study began with tvmphocytes from nonr.d
individuals (with wild type p** gene thal is known to promote apoptosis). Such cells were found 1o be resnlant o
the induction of apoptosis by H, O, with 1 marked improvement of proliferative capacity. When u ore-treames
with a small non-toxic conceniration of H, O, cxposures. TFurther studies are on to clucidate the underivin;
mechanism of such resistance which could be important with respect to various patholvgical conditions, cspevially
cancer.

Molccutar Mechanism(s) of Defence Against Oxidative Stress : Cellular, Biochemicul and Genetiv Aproack

Resistance to oxidative stress is often associated with cellulur rransformation. The objective is e ienury
some of the molecular mechanising of resistance (o oxidative stress with emphasis on apoptote celt death, in a ceic
strain M5 denved from V79 cells. The MS strain was found 1o be resistant to cell hilling by gammua rave and H. Q.
. compared 10 the parental V79 cells. The M3 cells were also found te have, 3-fold higher GSH (1 melecule b
bulfers oxidative free radicals) level ond an inhbition of induction of apop cells death by H, O, compard e
the V79 eells. To find out it enhanced GSH levels in these celis were responsible for the altered apoptone panem
the GSH poot of these cells was depleted by treatnent with . drug, BSO. prior ta induction of apoptosis ks H, 0,
No enhancement was observed. This indicated that increased GSH level was not responsible for the resistamce ¢
upoplosis in M5 cells and prubuhlv mphs:lgd the existence of other fucters. In case of parental V70 cells, s
depletion of GSH enhanced the op in these cells 10 H, O, . Since the parental V9 cells we
estublished to be homozygous (-/-) p mu(nms. this would be truc for the MS zells as well Theretore, nhnk
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presence af normal p* is il for the induction of is, in these cells the process is medialed by » p*
independent pathway. However, another gene product which is known to inhibit apuplosis, 1s BCL.-2, which is also
tablished ws an antoxidant. Thus, ruling out the involvement of GSH, BCL.-2 expression might be one of the
other factors involved in the inhibition of apoptasis in the MS cells, cumpared 1o the V79 cells.

Biometry Unit

Rescarch Activities / Projects Undertaken

Fishery Science

Conventivul stzusticul methodologies pestai to the unalysis of longitudsnal growth data of ladian
agjor cams are being apphicd to the live data gene inhe ldoratory. A 0! and finite differenc
wiecthods spplicd parallely indicate the "problem area”™ of growth where negative selocity and accelaration of
stonth was obwerved. Well-f listed nutrients supy 1 by lincst [rogranming method are being applicd 1o
wimove the “degrowth” stage of the species. Ravs polynumial growth cerve medel is cumently applied 1o predict
the growth ol the species by cross validution, Directional data are being wencrated by installing e hooprers in 4
‘ose Jiagram” design in the pond. Results so far obtasacd indicate the predomiy ace of "beiween direction”
vanation wver “within direction™ variation of the dissolved vxygen conlent of pund water which cuntr.butes larpely
to the growth ol the species.

Mulutrition related Rickets in childhood Diabetes

The rescarch tried 10 find out how and why rickets develop m patients suffering from malnutrition and
undernutriion. The focus was on sume ervors in dietary imake of the experimental subjects, since they are linked
bralb 1 pes of tlubete < specially type 1 or NIDDM  Investigationa were camicd out 1o (a) mike a diclury survey 10
1nd oul the prevalence of these dietary errors in Jifferent ies, (b) 1o detect dyspidiemis, atherosclerotic
ineuse er tvpe | dibetes among those survived and (¢) to correlate dictary errens with atherosclerotic disease,
distipidencimia and type Il diabetes.

From the experimental Gndings some interesting results were Tound which are differeat from those of
vther workers of the World. A particular HLA-class 11 antigenic association in our patients has been observed.
These seered to exiend these findings to otier types of diubeles such as IDDM and NIDDM.

Development of hypoglycemic drug from Gymncina Sylvestre lcaves

In order to sludy the effect of Gymnema leaves on blood glucose level. after determining the LD, and
werking dise of the leal extract. its role on bloed glucose level ot (a) Nommal (b) plucose Ted hyperglycemic (c)
aternaline-mduced hyperglycemme and (d) streptozotocin induced diabetic zats was studied. Furher studies are
2ving o 10 observe some other parameters Jor ils blood glucose lowering action.

Besides Ihs, studies of the effect of Isvleukin-B (IL-8) on some infectious diseases, specially diabetes and
ancer are being carried out in collaboration with the | logy D of Indian lnstitute of Chemical

Riology, Jadavpur.

Chemistry Unit

Research Activities / Projects Undertaken
Dintribution of Hleavy metals and related micronutricnt elements in soils of \Yest Bengal.
The project deals with heavy metals in presence of various soil components. Naturul levels of fenilivy are

rl.lmm: adeqjuate 1o susluin a resonable long tenn degree of agrculiueal productivity. Deficiencies cun veeur in
sils cither because they contain ly low of trac el or becuuse the clements are present
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in unavsilable forms. It is thercfore essential to be aware of soil nutrients reserves the likely crop requirement ay
ways ing & shortfall b the two.

Adsorption of Heavy metals on solls.

In the interaction between the solid phase of the soil and solution, physico-chemical or exchange ag
adsorption is as important as chemical and moiecular ones. It is particularly manifest when cations Cu, Zn, Co, e
are adsorbed by the solid phase.

Embryology Unit

Research Activities / Projects Undertaken

< : .

Bi h ics of morph and car
Ina inuing study. math ical und stochaslic models of pattemn formation and morphogenesis duney
early embryonic development has been further investgated. Application of advanced mathematical tools cf
nonlinear analysis, bifurcation analysis. global siability, control theories, probalities theories etc. have been wsedy,
siudy the complex biological sysiems. The periodicity of the observed pattern after inclusion of negatwe crox
diffusion has been confirmed through Hopf-bifurcation analysis in a nonlinear reaction diffusion model of cellylx
differentiation and growth during embryogenesis. Investigalions on the mechanism of carcinogenesis throuet
Turing structure and contact cell inhibition of mitosis have been considered. Another nonlinear reaction diffuse
model of cellular differentiation and c quent pattern g ion during embryogenesis has been propased g
analysed. Hopf-bifurcation analysis has confirmed that the inclusion of a negative cross diffusion can maintan
wave like solution and give rise to a dissipative struclure.

Intercrop interaction - a mathematical study of Agricultural Ecology

Allelopathic interaction through root exudates (RE) of different varieties of rice and wheat as well 3
between different varietics of crops has been further investigated. The work on allelopathic effects on weed g
interaction, and Tamarindus plants have been pursued. [nhibitory and stimulatory substances in pulpsi of differa
fruits have been further investigated and ecological aspects of delayed germination have been studied. Possibity
of the use of thiy inhibitory and stimulatory propenties of fruit pulps in agriculture have also been considered, for
example, some [ruil pulps. having inhibitory substances. may be used for weed control and those hawrg
stimulatory substances may be used as biofertilisers. The composition and properties of allctopathic ugents of P
have been analysed with the help of GLC, UV spectrometric, and MS analysis. Development of mathematits
models on (hesc aspects are in progress.

Mathematical Epidemiology

Math ical and stochastic models of Jar Encephalitis (JE), measles and other vector-bome
diseases have been proposed and explorative analysis have been made with special emphasis on seases
fluctuations and spatial spread. Two situations for the spread of JE. namely, a two populations mode! consisees
of pig ond mosquito and another two populations model consisting of pig and human being have been consideral

JE is not considered essealially (o be a disease of human being in the sense that the cycle of JE can ootte
maintained without amplifying vertebrate animals and man is the dead end of infection. Pigs are probably i
most important amplifying animals in ndia, Japan , [hailand, Malayasia, Bangladesh and some other countne.
and the human epidemic of JE receives a direct influence ol the pig cpizootic. For these reasons a mathemany’
model with continuous variables, consisting of two populations of which one is reservoir (pig) and the other s
veclor (mosquito), has been idered. It has been observed that the inensity of infection in the pig populitec

increases with the number of mosquito bites per pig uplo a certain threshold value. This result is consistent wr
the natural phenomena. Detailed analysis of the model to explore the global properties is in progress.
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Diffusional effects on two or more interacting specles in community ecology

A three species eco-epidemiological system namely, sound prey (susceptible), infected prey (infective)
and predator has been consldcn:d The case when the predator meinly eats the infected prey has been considered.
The persi and ditions of the p ions have been derived. The conditions for which the
systcm enters into a Hopf-lype bifurcation have :nso been derived. Moreover, Il has been observed that the
bifurcating branches are supercritical in some region of parametric space in a special case when the predator
response function is of Holling type I1.

A study of a two dlmcnsmnal syslem Lhat arises in Plﬂnklon Allelopalhy involving d)scme time delays

and n hiis been i igated. The are d to be perturbed
by white noise characterized by a Gaussian distribution wnh mean um :md flat spectral density. The dynamic
behavivur of the stochastic system is studied and the I in pop are d both analytically and

numerically by computer simutation.
Plant Chemistry Unit
Research Activities / Projects Undertaken

Screening of Local vegetation

A field trip 10 the Agricultural Expesimental Station, Giridih was undertaken to study the multiple uses of
the various tree species growing in (he lateratic tract of Bihar plateau. Soil samples were also collected from

dilterent locations and p like pH. moi p total nitrogen. organic carbon, available
hosph and availat jumn have been analyzed. The total nitrogen content of surface soil (0-15 cm)
r.mgcd from 0.5 10 1. 23g/kg and that of subsurface (30 ¢cm morc) varied from 0.40 - 0.58 g/kg. The tolal nitrogen
content in the soil profiles under forest cover d d ically with i d depth. Microbial counts of

soil samples showed that sufficient number of bacteria, fungi and actinomyeetes exist in all the sub-zones namely,
Tarr land, mixed forest, sisoo and subabool foresi ranges.

Microbiology & Technology

Fibrous by pmducl Ieﬂ dunng leaf protein extraction from two woody perennials were analyzed for their
chemical comp of Cassia siamea (CS) and Anthocephalus kadamba (AK)
are as follows - CS ash 5.7 per cent, crude fat 11.3 per cent. lignin 36.93 per cent, holocellulose 44 per cent, O
~cellulose 19.4] per cent, pectin 12.07 per cent. Particle boards using the by-product have been prepared with [5
synthetic resins such as urea formaldehyde resin and phenol formaldchyde resin.

Nutritional and biochemical studies

A study was conducted on the utilization of pressed fibre residue left after extraction of leaf protein from
Dalbergia sisoo, Cassia bicapsularis, Cassia siamea and Limnophila heteraphyila. Although the nutritive value of
pressed fibre residues were almost comparable to that of the original plants, but to improve the feeding value some
chemicals like urea & NaOH, were added. It was found that with the addition of urea (he protein content of the
pressed fibre residues improved significantly. Chemical analysis showed that the ash content of the pressed fibre
residue treated with NaOH is slightly higher than that of the untrealed one.

Aquatic weeds and water relationship

Monthly anlaysis of water quality p like pH, 1emp ductivity, total dissolved solids.
free CO, and dissolved oxygen are being done on a local pond to assess changes in its water quality. Sampling
conducted from February 1998 to November 1998 showed pH values ranging from 7.7 to 8.3, temperature ranging
from 23° 10 32° C, free CO, values ranging from 3.73 10 27.98 mg/L. conductivity ranging from 113 to 138 Ms/m
and dissolved oxygen values ranging from 0 to 7 mg/L. Waler weed samples when present, were also harvested

and the plant samples analyzed for dry matter, crude protein, and ash contents.
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Yield performance

Sugarbeet varietal tial was undertaken on four varieties nemely, Rospoly, Solid, Virtus & Mezzanopoly o
study their yield perf in ison 10 R kaya 06. Rool yield, shoot yield, dry matter, protein
nitrogen extractability and leaf pmmn yield and sugar yield of the varicties are being studied at every 20 days
inlerval starting from 80 days after sowing. Ethanol production from the root of different varieties will also be

studied.

Enzymes from soll microbes

Among the seven strains of Bucillus (Bacillus licheniformis PCI, B. Licheniformis PC 2, B. Coagutans, B.
Polymyxu, B. Subtilis, B. Cereus, B. Magaterium from different rice fields under alluvial soil tract. Bacill
ticheniformis PC | was found to be a good producer of extracellular alkaline protease. The productian of alkaline
protease was high in glucose - yeasl extract - asparagine medium (12uniVmi) and starch soymeal medium (16
univml). The enzyme yield increased rapidly after 18 h of incubation and reached a peak at 50 h. Protease
production was best at pH 7.5-8. the oplimum temperature for enzyme activily was 60° C.

Social Sciences Division

The SocialSciences Division inctudes the following units : ic R h Unit, Economic Analysis
Uml Linguistic Research Uml Pkmmng Unit, Population Studies Ul\ll Psycholngy Research Unit and
Sociological R: h Unit. ic Analysis Unit is located at Bangalore, Planning Unit is located ai Delhi,

white lhe remaining five units are located at Calcutta. Faculty members of this Division paricipate in teaching and
training aclivities at various levels, including Ph. D. supervision. The research work done in these unils during Lhe
year under review is described below.

Economic Research Unit

The faculty of Economic Research Unit was actively involved in rescarch, training, project work and
supervision of Ph.D. students. One student has been awarded the Ph.D. degree in the last convocation.

‘The faculty members and scientific workers of the Unit undertook research in a wide range of topics in

E ic Theory, Quantitative E ics and E ics. Areas of research included Industrial Economics,

problems omeall Scale Industries, Agricultural price formation, Welfare economics. International Trade. Issues i

p and M ic Policy in India, Analysis of Consumer Behaviour, Level of Livio

and Gender Blas Smdles on quality of Life, Enwronmemnl Economics, Economics of Tourism, Economelric

Theory and Ap ions and Sampling Tech These hes have been published/accepted for

publication in m(cmnnonaly reputed Joumnls like Journal of Economic Theory. Theory and Decision, Economics
Letters, Keio Economic Studies and Manchester School.

The teaching and the training activities included both Ph.D. research supervision and teaching in various
academic programmes of the Institute, such as the B.Sta1. (Hons.), M. Sat., M. Tech. (QROR), MS(QE) and ISEC
(Regular and Special Courses).

Projects Undertaken

A. Externally Funded Projects

Eavironmental Management Capacity Bullding Technical Assl: Projet - Envir ! E k
Component

This is a World Bank aided project assited by IDA and funded by the World Bank which is being
implemented through the Ministry of Environment and Forests, Govt. of India. The duration of the project is five
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years beginning 1997-98. Thc Economxc Resenrch Unit got involved in the project in 1998. The broad objective

of the project is to 8 the capability of the country. The environmental
econormcs componenl mainly aims al enhancing the capability for the application of economic principles and tools
10 probl across the full range of issues such as cost benefit analysis of alternative

policies for pollution conirol, resource management and biodiversity conservation. A number of the project
proposals have been prepared during 1998-99.

Training Programme in Environmental Economics for Government Officlals (18-23 January, 1999)

The programme, which was funded by the World Bank, was attended by twenty participants from all over
India. The participants were officials from vanous government departments dealing with environmental problems.
Quite expectedly a large number of pari came from pollution control boards of West Bengal and
neighbouring states e.g.. Manipur, Tripura, Meghalaya, Assam, Andhra Pradesh. Persons from Central Pollution
Control Board, New Delhi and Planning Commission, Govt. of India also participated.

ip between and envil the ways U\mugh which human activities give rise lo
environmental pollution requiring suitable policies 1o Vabate such pollution. Participants were taught how 1o
make economic valuation of environmental and natural resources and made aware of the comparative advamages
and disad ges of various pollution control iq like taxation, subsidies. sale of wradable pollution
permits etc.  The resource persons were eminent teachers of the well-known Instilution/Universities in [ndia
engaged in research in environmental economics. This is the first time Lhat a training programme like this was
organised for government officials in the eastern region of India.

The primary objective of the Pr was 10 i o i ic| facets of

B. Plan Projects
Identification of Causes of Sickness of Small Scale Industrial Units

The main purpose of this project is to identify the causes of sickness to empirically verify the viability of
small scale industrial units in the wake of recent liberalization in India. The underlying work involves assessing the
incidence of sickness in the small scale sector and studying (i) the factors responsible for such sickness, (i)
technical eleency. (m) wagc producllvny linkages and employment polential of small scale units and (iv) mode
of prod and

The duration of the project is two years. A survey on the small scale industries located in the regions
Calcutta, 24 Parganas, Hooghly and Burdwan has been conducted during the period April 1998-March 1999. The
data are being entered into the computer for analysis.

Level of Living and Employment : Study of Patterns and Interrelationships Based on Household Level NSS
Data (SURDAC funded)
A part of the project has been campleted. The effects of household d hics on ion pattem,

measurement of cost of child and consumer equivalence scales have been exammed using NSS hous:hold level
consumplion and employment data for the 43rd and 50th rounds.

Economic Analysis Unit

Apart from research and projects, the members of the faculty participated in the teaching of various
courses offered by 11 and the Indian Instituie of Management, Bangalore.

Research Acitivities / Projects Undertaken
The broad areas of research include theoretical and applied economics and econometrics, Active research

work was carried oul in frontiers of econometrics and in several areas of applied macroeconomics, game theory,
agricultural economics, econometric modelling and Bayesian Econometrics.
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Recent Devel in Applied Comp General Equilivcium Models

One of the important aspects in this area is modellmg the role of government sector. A major difficulty in
the modelling is the corruption in public offices. If d by the g were & of
corrupl denls of a few individuals rather than due to most of the availabl ic data base

Not only ic but also political variables become essential for such modelling. Data oq
political variables and/or corrupt deals usually do not exist. Besides. even cconomic variables have (o be
(dis)aggregated, or classified differently. It is no tonger adequate to classify people into mere (low, average and
high) expenditure/income groups. They need to be classified into power groups, pressure groups, lobbyists, the

bureaucracy, powerless workers and so on. Income g ion and i have to be modelled
accordingly. Justification of the government inter lity of the g beh heoretical and
data inadequacies 1o model the g i political p behind the g pendil e,

are some of the issues that have been smdnut

Application of Bayeslan E tric Methods for Solving some Long-Standing Problems In E of
Inventory Investrment Analysls

[nventory investment has long been identified as the major component of the changes in the Gross
Domestic Product. The two most widely used models for determinants of inventory behaviour were the Flexible
Accelerator and the Buffer-stock/ Production Smoothing models. Rowever, empirical findings contradict one
another on the question whether firms attempt to smooth production. On the other hand, in the case of the Flexible
Accelerator model, the unreasonably low speed of adjustment of inventory stocks to the desired levels. It was
suggested that the low speed of adjustment may be in part due to biased estimation procedures. Specifically, the
problem can be atiributed to the vse of seasonally adjusted data, antifacts of aggregation bias, over both firms and
industries, as well as lemporal aggregation. A funher complication is caused by the use of lagged stock of
inventories which lead to scnal correlanun in lhe res:duals The joint research with Western Washinglon
University, USA has resulted in developing a Bay licable 10 models which include both lagged
dependent variables and auto-correlated disturbances. The empirical evidence by applying this new eslimaton
method to monthly industry data which have not been seasonally adjusted showed that the low speeds of
ad]nslmcm reported in the literature, as well as the low degru of production smoothing may indeed be artifacts of
the procedures used. The methodology developed can be used in several econometric models where the
relationship between reduced form and | form p are non-li

External Assistance and its Impact on Long Term Growth and Development

This has been a long debated issuc among economists. The unit in collaboration with Bangalore
University. undertook the research 10 see if the existing studies were carried out using correct statistical procedures.
Tt was found that most of the earlier empirical studies relating to India ignored the problems arising from time series
data and never tested for unit roots and non-stationarity. As a result Lhe conclusions and the policy implications
have been faulty. This research is continuing.

VAR Model for the Financial Sector of India

This is a collaborative work which also involves the Reserve Bank of lndia. The model is expected to
serve as an important policy making too! for the highest Bank in the country. Dynamic optimization problem has
also been worked on to look at the North Suuth trade regime.

Other research activities carried uul by the unit included study of merits and demerits of the Participatory

ijecl Appraisal hods for rural d P access to irrigation water for poor farmers, advences in
g frontier p functi
Linguistic Research Unit
During the period April 1998 to March 1999, the Linguistic R h Unit inued its p of
reseamhmth:uuscf(‘ i Linguistics and C ional Linguisti wﬂhspemlemphmsunspee:h
pathology, p: iolinguistics, syntax and text analysis.
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Research Activities

Computational Lingulstics

The work in this aren focussed on valency-based natural p ing. fuzzy logical expressions in
Bangla, the problem of conceputal tense and aspect vis-a-vis grammalical tense in Bangls discourse.

Methods in Q f e Lingulsti

Several methods in this area were studicd.
Studies on the Phonetic and Phonological Structures of Major Indian Languages and Applications

Applications of the study of phoneuclphonologncal structures in the areas of speech pathology, second

language acquisition, cultivation of molher-tongue. 71 dardization and p I
studies on Indo Aryan, Dravidian and Slavic languages, were idered
Sociolinguistics

The major areas of work were sludy of langt itudes, | i and shift,

of bilingualism, linguistic sub-altemity and decentralized language plannmg in a plural society and analysis of
folklore and folklanguage.

Clinical Linguistics

Aetological and di i hes were

8 8! PP

Psycholinguistics

The relationship between “empty linguistic organism™ and “social malleability” were studied with soecial
reference to the psi-properties.

Post-Structuralism

to linguistics and the archeology of Bangla g were studied.

The post-formal app

Projects Undertaken
Quantitative Linguistics

The major objective is to develop indigenous methodology for the quantification of micro and macro
linguistic corpus and 10 develop software packages o analyse exisling corpus. The areas which are to be covered

are lexicology, semantax, sociolinguistics and texi analysis.

Comparative Suprasegmentals of the Austric, Indo-Aryan and Dravidian Languages

The major abjective is to conduct a comparalive study of the sup Is of | belonging to the
language families in question. The results are expected to be useful in the diagnostics :md u'ealmcm of children
with language disorders.

Language Processing and Planning

The project has two focal areas: (i) to analyze Bangla in p by deploying
valency-based surface syntactic analytical method, and (ii) to study the problems of putational linguisti
related 10 natural science and social science prob s well as problems related to philosophy of sciences. The
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ana!ysns of Bangla senl:nce structure in the first phase has been completed. It has been possible to expose the
of istics with relation to the areas under review.

Bangla-Enpglish Interference : An Item Response Theoretlc Approach

This project tries to gauge the impact of Bangla (L 1) on English (L2) on the middle and secondary level of
education in West Bengal. In the initial phase 800 respondents from middle secondary level in West Bengal were
administered a test using the IRT approach.

Glottopolitics of Lingulstic Subalternity In Multilingual India
The project solely devates to analyze the linguistic d ds of diff Indian Ci ities in highly

movement-prone zones. Sa far, the project has covered Santall, Rajbansi, Gorkhali and Pahari languages in this
regard.

Planning Unit

The Unit's research activities spanned a wide range of arcas covering abstract economic theory to applied
economics. In particular, the creation of the Planning and Policy Research Unit (PPRU), which is a permanesy
research centre within this unit, has proved to be immensely useful in facilitating policy-oriented research in the
unit. The PPRU is financed by an endowment provided by Lhe Planning Commission. A brief account of the
various projects financed by the PPRU is given at the end of this section. Several members of the Planning Unit
have continued to work on issues relating to poverty and income inequality during the year. Major areas of
vesearch are described below.

Reserach Activities / Projects Undertaken
A. Externally Funded Projects
Dynamics of Poverty in Rural China

This project was funded by the World Bank. The study was made on the basis of a six year Panel Daa
Set from four Pravinces in South-West Rural China. Several methodological advances have been made. These have
been reported, along with the empirical findings. in sevecal publications listed elsewhere.
Assessment of the Economic Impact of Public Works Programs on the Poor

This project was also funded by the World Bank. This h made some methodological and empirical
contributions. The empirical study was based on a government sponsored public works program in Argentios

Another outcome of this reserach has been a proposnl 10 look al similar impacts of the public works and the IRDP
programs in India and refate it to the d of such sch

B. Plan Projects and Other Research Activities

Environmentel Degradation (Proxied by Carbon Emissions) and Economic Inequality

Research has been carried out by using cross country panel data. A paper on this work has been listed
elsewhere.

Role of Infrastructure in Growth and Development

The ial idea is that infi is often a public good. Hence, its provision through markets raises
complicaled pricing problems. A paradox arising out of incfficient pricing in pseudo-market economics was
exposed. The markel driven economy, which is unable lo intemalize, grows faster than a planned economy which
internatizes all externalities. Fast growth, therefore, is not necessarily a sign of efficiency. In a related work, 2
Lindahi pricing scheme was derived to show that the planned economy's growth path is sustainable in ecopomies
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driven by private profit motives, provided a dual pricing scheme is implementable. The possibility of free
infrastructure provision was also considered to avoid the pricing problem. [n this set up, it is found that while a
growth maximising path exisls in the class of steady stales for pscudo-market economies, there is no welfare
maximizing solution. Paradoxically, the planned economy yields & welfare maximizing unique path. So far, the
paradox remains uresolved and current efforts are devoted towards solving this problem.

Mechan!sm Design

‘This research was conducted jointly with Universitat Autonoma de Barcelona to analyze the possibility of
constructing strategyproof social choice correspond; Further coll ion with university of Maastricht have
been done on BYP of stochasti functions on so-called economic domains. Work has also

been done on ¢h isation of p over which the requirement of strategyproofness implies that
the social choice function must satisfy properties such as “1ops onliness”, anonymity and dictatorship.

[ncentive Properties of Deterministic Models

of inistic models where ¢ ion is feasible.

The research work studies the incentive prop
This has applications in the theories of auctions and gueues.

Strategic Candldacy in Elections and Committee Decision Procedures

The object of this study was the widely observed practice of some candidate(s) withdrawing from an
electoral contest in order to secure a mote favaured outcome. The principal result shows that it is impassible to
construct any reasonable procedure which is immune to strategic candidacy.

Learning Dynamics

The global structure of learning dynamics in general equilibriuny’ macro formulations have been studied,
1o get an understanding of when rational expectations are likely to emerge as the outcome of leaming. Applications
of these results to overlapping generations economics is being studied in colaboration with the Universite of
Alicantc.

Sequential Market Game

The research was conducted joindy with the University of Warwick. The study focussed on the
coordination of expectalions in the vicinity of a well behaved Nash equilibrium, which converges 10 the
competilive equilibrium, as the number of agents becomes large. The purpose of the exercise is 1o understand when
a perfect foresight competitibve equilibrium can be retionalised as a stable strategic outcome of a large markel
game with explicit trading rules which agents take into account in Lheir strategic behaviour.

Industrial Organisation
The work in this mainly involve predation and mergers, as well as the leasing of durabla goods nnd mukel
segmentation. A study was also iniciated jointly with the World bank on home hip
and segregation.
International Trade

In recent years, many couniries have witnessed substantial changes in the degree of wealth and income
inequality. Free inlernational trade is alluded to be one of (he contribulory factors. But there is a general lack of
theorelical analysis of the ways in which trade policy may affect the personal distribution of wealth and income.
One of the central conclusions reached through this study is that free international trade and the opening up of
financing markets betwen developed and developil ies are likely to increase inequality in the former and

decrease thal in the latter. This process may leed to middle class boom in the later.
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Gender Blas In Chlldren in Rural Maharashtra

The evaluation was done on the issue of gender bias in terms of disparities in the intra-family allocation
of consumption goods. National Sample Survey 1993-94 household consumption data was vsed for runl
Maharashtra. Some what surprisingly. the research found some evidence of a bias in favour of female children,
thus negating the widespread belief about the existence of discrimination against females.

C. PPRU Projects
Gender Bias In India

The project examined the extent of gender bias in health and education in India over time, and alio
analysed possible explanations for the observed pattern of discriminatiorf in infant and child mortality rates, as wel
as in gross school enrolment rates.
Link of Paverty with Gender of Head of Household

This was a collaborative project with North Eastern Hill University, Shitlong and SERFA. Using NSS
1987-88 household consumption data, it was investigated whether households headed by females are mor

vulnerable to poverty than those headed by males. It was found that there is a clear gender bias in the incidence of
poverty, even after controlling for differences in education levels and land holdings.

Porter Hypothesis on Environmental Regulation

This project, conducted in collaboration with Vanderbilt University, led to a simple analytical framework
to support the Porter hypothesis that s!ncler eavironmental regulation will both succeed in making firms greener
and also enable them to differenti Ives from their i
Computer Industry in India

The project focused on the quality, performance and evolution of firms in the post-economic liberalization
era

A Study of the Indian Iron and Steel Industry

This was a collaborative project with JNU, New Delhi. In the analysis of relative roles of quantity of
natural resources and humen resources, it was found that the former appears to heve & more important role i
determining productivity than human capital. The skili level of human Jabour is more important in reducing delay
and raising capacity utilisation than in increasing the productivity of equipment per unit of ime.

C ive E ic Devel of Indlan States Over Time

The study was conducted in colleboration with ISI, Calcutta. The principal motivation of this study was
the convergence hypothesis of modem growth theory.

Economic Reforms of Agriculture

The project was carried out jointly with University of British Colombia. The main conclusion was that 2
certain kind of rural growth based on market opportunities, urban-rural linkages through the use of producet
services and diffusion of technologies is most likely to succeed in rural India.

India and ASEAN : A Case for Closer Economic Co- Operation in Trade

A principal finding of the study was that bilateral trade ties between India and ASEAN countries canpt
prosper unless the Indian export basket changes in favour of i diste products of heavy and chemical industry.
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Population Studies Unit
Reserarch Activities / Projects Undertaken

Digit Preference Error in Age Data : Implicit Model Approach

Indices have so far been constructed to measure the extent of digit preference error in age data (single
year) either from census or survey. All indices possess deficiency in their constructions. As such modifications are
done at different steps by different researchers and modified indices sometimes are of liutle value in their use
because of cumbersome calculations. The present method. howcvcr tries to highlight some theoretical conditions
under which all the exiraneous sources of vaniations are eli d implicity in a single attempt leaving behind a
true index.

Women's Education and Employment in India, 1951-1991

The study is undertaken (o find out the patter of growth of education and employment of women and the
differential rate of growth of sectors over time. Data collection from sccondary sources is in progress.

Demographic Study of Santals of Medinipur District of West Bengal

A pilot study on the project entitled Demographic Study of Santals of Medinipur District of West Bengal
has been started in April 1997. The study will examine a variety of demugraphic processess that impinge on the
size, structure and viabitity of the minority population. For the purpose of the major tribal group, Santal, which
vomprised 54 percent of total tribal Population and abowt 66 percent in Medinipur district in 1981 has been
considered. To have further information vitlage level datu have been collected from the 1991 Census on the
Medinipur district which are under process. This study is confined in the Jhargram block, which is Santal
domnated. Five villages have been selected comprising Santal population as total, around 75 percent, 50 percent,
25 percent respectively. A sel of questionnaires has been prepared and « d in the selected villages. The land
records of these villages in Ihe Block Land Reforms Office have aiso been searched 1o collect data on the main
assel and land of the villagers. The collection of data from the records and the household survey has been

completed.

Migration in India

Objective of this study is to highlight intemal migration flow and Nepali migration in India. The Nepali
migration has never assumed a status of large scale cxodus at any point of time in the past. The work based on
1951-8) census data is comp Nepali mig| show a declining trend. Bul during 1981-91 the volume of
migrants have fallen significantly so that there has been a negative growth rate. The study has been completed.

Impact of Total Literacy Campaign in the District of Birbhum - An In-depth Study

A study on the Impact of Total Literacy Campaign in the districts of Birbhum and Bankura of West
Bengal (sponsored by Govt. of W. B.) was undertaken in the year 1993. The report of the project was submitted to
the govt. Now further attempts are being made 1o sludy the impact ofthe programme in terms of behavioural
change and 1o develop method of quick assessment of the programme. Data enury has already been completed.
Analysis of the data is in progress.

Mortality and its Determinants in India
The purposc of this research is to analyse SRS data on mortality over the twa decades following 1970.

The siudy involves the national levet as well as the regional level. Atiempt is being made to study the mortality
wends and determinants, and in particular those of infant, child and old age mortality.
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Estimation of Volume of Iliegal Migrants from Bangladesh

The independence of Bangladesh in 1971 created a vast displ of p between Bangladesh
and India, specially eastern region. Frequent crossing of borders connnue: o be a pohunl fash point bemn
Bangladesh and the eastern region of India. A large number of migrants from Bangladesh tend 1o hide their
idenlity. An-attempt has been made (o estimate the volume of illegal migrants from Bangladesh o West Bengal
using Census records. Population dala by age and sex and place for all districts as well as for total West Beogal
have been collected and compiled with the help of computer from 1961 1o 1991 census reconds. Migrations datafor
all districts and also for total West Bengal have been collected since 1971 to 1991. Derivation of methodology is

under progress.
Publication of a C Ive Volume of Professor Ajit Das Gupta’s work In Demography

The primary objective of this proposal is to collate and compile the vast array of Ajit Das Gupta's (ADG)
contributions to demography in a single volume. All his pioneering studies, being either not all documented or
scantered in various joumnals, monographs and reports, are not casily available to the present generation of studears
and researchers. But for tracing the develop of Indian demographic research, it is ial 10 have a thorough
insight of ADG's scholarly and methodological work on population during the three decades (1950-70). The work
is in progress.

Chlld Labour in Indis and its Determinants

This study examines the status of child Ilhonr (i.e., work pamc:pauou o{ children aged 6-14 yean) n
India and its major states by various socio-e and d from National Family Health
Survey Data, 1991-93. Factors associated with the mcldence o! child labour is explored through multvarise
statistical analysis.

Status of Obstetrics and Gynaecological Morbidity in Urban Areas in North 24-Parganss, W. B.

This study is focused on : (i) measuring different aspects of reproducti rbidity inlly ia the ares
of obmmcs and gvnaecological morbidity, (i) methodological issues in reproductive health and (&)
benefits of jons on obsletrics and gy logical morbidity among womes

aged 35y year and sbove. Field survey as well as data processing are going on simultaneously. Findings from tis
study may help the policy planners and providers of health and family planning care in assessing their needs.

Replacement Rates and Its Components In Indla

The objectives of this study are to : (i) develop a mode! which take into account all the major determinaces
of populluon growth from mermiage through conception and live birth to the biological maturity of the second
(i) ine the magnitude of the various components in the process, and (iii) use these compooents b

estimate the replacement of couples in India by analysing National Family Health Survey Data (NFHS) : 1992.93.

‘This research is in progress.
Psychology Research Unit

Apart from research and project work, the faculty of this unit have been involved in the supervision of e
theses of some Ph. D. students of Psychology and Educatioa.

Research Actlvitles / Projects Undertaken
A. Externally Funded Projects
Gender Study for the District Primary Education Programme
Anin-depth gender study for the District Primary Bducation Pr has been undertaltn in e
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districts, namely, Birbhum, Murshidabad and Coochbehar of West Bengal. Special emphasis was given to look
into the problems of girl students $pecially minority girls. Field work in all the three districts have been done
Analysis and Report writing have been completed.
Mid-Term Review of Famlly Welfare (Urban Slums) Profect [PP-VIIX

In collaboration with the Population Studies Unit, ISI, a report has been completed and submitted to
CMDA.

Concurrent Evaluation of Total Literacy Compaign in Uttar Dinafpur of West Bengal

The first and the second stage of concurrent evaluation of Total Literacy Campaign in Uttar Dinajpur
district has been completed. The leamning achievement of neo-literates was assessed and according to the NLM
norms, the progress of the leamers was found (o be satisfactory. Report writing has been completed.

B. Plan Projects and Related Research
Potential Entrepreneur School Leavers

The objecuve of the smdy is to identify potential entrepreneurs from among the young boys and girls who
can i dently start some b or f: ing units for lhelr hvehhood. A scale i is bemg dcvclopcd for
small scale entrepreneurs by taking into account some B
properties of the scale are being established for standardisation and fumre i

Motivation to Work for Primary Level Workers

For assessing the motivational level of primary level workers a questionnaire has been developed on the
basis of study done on a group of 52 workers. 346 data from three groups of workers e.g., clerks, typists and
factory workers have been collected. Simul ly data collection has been started for vilidation of this test
against ratings made by the supervisors.

Attalnment Level of Primary Stodents at the End of Class IV In West Bengal

It is an ongoing project that aims to oblain & clear picture of the Non-scholastic achievements of the
primary school pupils of West Bengal covering all the 18 districts of the State. Data have been collected from
sampled schools of eight districts. Scoring, tabulation and computer data entry for evaluation have also been done.
Analysis and writing of report is in progress.

Sell-Efficacy, Intrinsic Motivation and Cognitive Functioning
The Dbjeﬂlve of lhe project is to study the role of self-cfficacy and intrinsic motivation on cognitive

fi ing i.c., of students. Literature review is going on. A preliminary study has been
conducted in a nearby primary school.

Development of Computer Algorithm for Constructon of Aptitude Test Battery for Computer

The task and responsibllities of the comp are very complex and ambig: in nature.
This results in confusion in designi pri Imnmg counselling and guidance programme for the
programmers and also in determining their wage or salary structure. To these ends, a questionnaire has beea
developed to analyse the tasks of computer programmers and to identify the aptitudes mq\med for performmg I.he
programming task. Data were collected from the prog working in
and insurance services, professional, scientific and technical services, i seclors ion sectors,
educational instirute and administration through lhe jub mlym qucsunnnme Preliminary analysis based on a
total or 100 programmers shows that five p ks, (i) ding users problem, (ii) testing and

8 progr (iii) i :pecnﬁuuon into dnmlad instruction, (iv) coding into computer language
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and (v) modifying programme, look snhsmnuul part of lhc\r job assignment. The aptitudes namely, abstract

verba) and | ge usage were noted as most imporiant tn
perform the above five programrmng tasks. The findings would help in reducing ambiguity about the tasks and
bilities of the

Study of Invariance of Jtem Parameters Across Soclal Groups of Likert Type Scales : an IRT Approach

For this project some software have been developed for analysis of data. Relevant paramelers using
Prolonged Depnvmon Sra]e have also been estimated. On the basis of these results obtained, a report is being
ofa$ Differential Scale is in progress.

Statistical Analysis of Infl of P 1, Social and Background Variables on Academic Achisvement of
Primary School Students (SURDAC Funded)

The objective of the study is to develop a probabilistic latent trait model to measure the ability of primary

schaol children. A aew mode! for analyzing perf data in arithmetic has been developed which extends the
traditional Rasch model in a significant way, The non-response 10 items in a test has been given special imporaace
in developing a vector valued assessment model, because a preliminary study led that such d

non-response may be useful in eliciting the self-confidence fevel of primary school children. The model has been
tried out on the datz collected from Murshidabad disurict during base-line survey of District Primary Education
Progcamme. The study also intends to find out the relationship of latent trait with basic background variables such
a5 gender, leamer’s g ion index for ed: and other p ] and social variables.

Statistical Modelling and Analysis of Psychological, Physlological and Ecological Repeated M
Data (SURDAC funded)

Objective of the project was to determine significant variation of state anxiety, physiological and
ecological data across 12 months in Antarctic expedition. State anxiety and physiological data collected from I
scientists and 7 logistic personnel across the months during Antarctic expedition. Hourwise ecological daia were
also collected. Result shows significant variation of state anxiety levels among the expeditioners across the
months. Temperature, visibility, wind speed, station pressure and sea pressure significanlly varied across different
months. No significant variation was noted for wind direction across the months. In future, data would be analysed
lo delennme significant vanauon of physiological changes and to d i lationship among psychological

hysiol ) and i

Sociological Research Unit

The faculty bers of the Unit participated in teaching Sociology for B. Stat. students, Guidance was
also provided to Ph. D. Scholars in A pology at Calcutta University.

Research Activities / Projects Undertaken
Involvement of People In the Decentralized Planning Process : Experience in West Bengal

The study has already been initialed in Midnapore and Purulia disticts by examining vanos
Gram-Panchayat and Panchayat Samity level plans and reports and through identification of approprsr
respondents at village, block and district levels.

Transfer of Ownership of Properties and Changing Social Scenario in the City of Calcutta - n Sociolagical
Analysis

Due to the increasing trends of population density of Calcutta, demand for bousing has becore, during te
last few decades, extremely acute. This has opened up land market to the promoterconuractor nexus. Eaclier t
process of transfer of property was a somewhat gradual change which has now become abrupt and conflict-adden.
Under this purview, the proposed study is to enquire the following : (i) to identify the socio-linguistic grosps v
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different parts of Caleutta polis which are involved in the ph of transfer of ownership of land and
residential housing. (ii to make an outline of the socio-cullural, economic and other reloted factors of those who
have been or are being uprooted from the original setlements, and (iii) to examine whether a process of alienation
has started as & q of this social si

Changing Adaptive Strategies of 8 Rehabilitated Population - a Social-Ecological Approach

Nearly 600 families were rehabilitated at Barasat in North 24 Parganas in between 1965 and 1968. These
families originally mig: from Chi (now in Bangladesh) to areas bel g 10 Burma (M:
during the year 1939 in search of better occupation. In l964 the Gowt. of Burma decided o evict the non- Bum
residents from their country. As a result, the group of Chiltagong people along with other Indians lefi Burma as
they were brought by the Government of India. The said displacement brought them in a completely different
ecological frame which was not so famitias to them. Considering both the external and internal condilions 1hat
existed in that area they had to formulate plans of action for their social and economic survival, which may be
termed as adaptive strategies.

The proposed study is to aim at enquiring the following : (i) to identify the ecological (both social and
natural) areas from where they were displaced along with their present habilation, (ii) 1o explore their adaptive
strategies with Lheir respective application, {iii) to make an outline of the socio-cultural, economic and other factors
1o assess their role in formutating adaptive and (iv) to ine whether a process of alienation has started
asa q of this social ecological si

(1

Forest Protection and Income Generation for the Tribal Poor - Evaluation of an Organised Movement

The process of data analysis has been completed and final report writing is going on.

Scope and Constraints of Rural Women Leadership with Special Ref to Experil jons in Local
Self- Government bodies.

An interim repart has already been completed. Final report is being prepared.
Interpersonal Contacts and Secial Development : a Rural Experience in West Bengal

The process of data collection and analysis has been completed. Final report is being prepared.

Statistical Quality Control and Operations Research Division

The basic objecnvc of the Division is to propagate the use of itative methods of SQC & OR and
other allied 8 for red losses and cost of manufaclunng. improving qualily of product
und services and augmenting productivity in Indian industry. This is realised through academic programmes,
consultancy services, inplant and general training courses for personnel from indusiry and service organisalions,
und reserch in the methods and procedures of quality conwol, quality reliability and allied techniques,
Recognizing the pioneering rote and rich contribution of the Division in the quality movement in the country the
Government of India has nominated the Institute as a permanent member of the Quality Council of India.

The Division is running a two  year M. Tech course to tum oul p lly ialists for
industry. The Division also offers a ialist Devel P (SDP) 1o provnde career in indusiry
1hrough on the job training and guided develupmenl Presenlly 7 SDP Fellows are belng trained in the Division.

Besides, Part lime evening courses in Statistical Quality Control and Operati h are run at B
Hyderabad and Chennai centres. Besides, the Division panicipates in lcnclung for B. Stat., M. Stal. programmes
of the Institute, training programmes conducted by ISEC and pan time evemng course in Suusucal Methods at
Delhi and Calcutta. The Division also assists other Insli and L ities for conducting their acad
programmes.
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Consultancy Services

The Division has been providing consultancy services in all areas of Quality Mansgement wd
productivity. At present 126 organizations are taking services of the Division. The SQC & OR Units of ¢
Division arc also vigorously pursuing Quality System Work rclated to SO 9000 certification and providiag
consultations in this area. The Division has also conducted QS 9000 surveillance Audit for 3 organisations me
each from Malayasia, Philippines and Thailand. The Division has embarked on promoting SQC & OR in SAARC
and other neighbouring countries and a Cell for Export of Consultancy Sexvices has been formed in Calcutia. The
Cell has brought out a specially designed brochure for this purpose. The Cell has already taken up an assignment s
Oman.

Quality Improvement Projects Highlights

(a) Optimum Launching Quality in PCB Manufacturing : A method was developed to determine the number
of excess PCBs over the order quantity to be launched 10 lccounl for the possible rejections while manufacturiog,
by minimizing the lotal cost due to shortages and luation over a six month period showd tha te
implementation of this method had helped in reducing lhc shonfalls from 15 % to 10% while keeping the excens
production at the same level.

®) Intergrating SPC with EPC - A case study : The Rayon grade pulp viscosity is mainly controlled u te
Hypochlorite bleaching stage. A regression model was developed relating the output viscosity with the inpat
viscosity and hypo solution dosage at the Hypo bleaching stage. The efrors in the regression model are found io be
correlated over time and hence a time series model (ARMA) on the errors was fitted. The hypo dosage for zy
particular ime is predicted from this 2- stage model using Minimum Mean Square Error (MMSE) criterion. The
results of implementation in the plant are under monitoring. It is expected that the It of viscosity

6

will come down to sbout 20 % from the current level of 30 %

(c) Using experimental methods a process was developed for 100% cotton fashion yam through fiber dyeing
instead of fabric dyeing. The process so developed received intemational recognition. About 700 toas of ti
fashion yam working about 3.5 million US dollar was exported from [ndia q . This yam maiptained
environmental standard without sacrificing quality but with high value additon.

) Production of Furescent Tube Light (FTL) shells is a continuous process. FTL Shells are produced by
simultaneous blowing of air through molten soda glass and drawing the blown up glass. Rejection due (o bad plxs
(glass with bubbles) was of major concern. At times the rejection level due to bad glass was found to be gs highas
50% of the total production in a shift. Analysis of shiftwise rejection data revealed that the process was highly
unstable. Presence of both dic as well as ined shifts in rejection level was found 10 be 2 normal feanse
of the process. Further annlysls of past data led that opti lection of the process parameters might
reduce the level of rejection greatly. The approach adopu,d for optimization of the process parameters i
robustification of the basic functiion of the process. The basic fynction was identified o be T Lp (D-)t=W
where W is the weight of the input materials (as measured by the weight of the tubes) and P, LD, are the density
of glass, length, outside diameter and thickness of the tube respectively. The four control factors identified fox
optimiziation are fumace temp rear muffle temp and blowing air pressure. The best
combination of the control factors were then validated using past data and was found to lower the rejectioa kevd
significantly by about 10%.

(e) More than 10% of injection moulded plastic electrical connectors were being rejected owing to shrinkxge
defects problems. It was decided to conduct a planned experiment using orthogonal array to optimize the machine
parameters. Five control factors, each having three levels, where assigned to the Orthogonal Amray (OA) L, ©
obtain the design matrix. The control factors chosen are (i) injection pressure (ii) injection time (iii) first zoot
temperature of the heater (iv) last zone temperarure of the heater and (v) cooling time. The died dimensioas, ic
thickness, width height, width and length were taken as four levels of the signal factor. At each trial of the desipn
mam'x nine connectors were produced under nine different noise conditions (Cavity no. x time of production) aod
four di jons of the ding to the different levels of the signal factors were measured. Bod
Signal-to-Noise ratio and the intercept or the basic funcnan i.o. the observed dimension as a function of sigal
dimension for each trial were d and analysed using tho techniques of ANOVA to arrive at tho optimes

70




Sixty Seventh Annual Report : 1998-99

combination of the control factors. Conﬁnnulory triels with the optimum levels of the five factors gave highly
satisfactory result. The d levels were impl d and not a single case of rejection due to shrinkage
was observed during the next three months.

Quallty Mission Project (QMP)

Quality Mission Executives (QME) under QMP continued their u:uvc participation in conducting lmnmg
programmes and rendering Quality Systems related I services to industries and service i
During the year, the QMEs have rendered 241 day's service in consultancy, 30 days in training programmes and
have irained 483 persons ot various levels in Industries and service organizations. In addition, they paid
promotional visits to a large number of organizations and were actively engaged with consultancy on ISO systems.
The Kinetic Engineering company received [SO 9000 Systems certification for which guidance was provided by a
QME. QME's now undergo training to include modified QS 9000 Quality Management Systems and the associated
requirements such as Advance Qualily planning, Failure Mode and Effect Analysis, Measurement Sysiems
Analyses. A special three day training was conducted by experts from Indian Society for training and development
an how to conduct training programmes for the QMEs. During the current year QMEs success{ully completed Lead
A Certificate Pr ducted by accredited agencies. The SQC & OR Unit, Chennai organised a

seminar on Quelity Management for Leather Industry as a part of its QMP acitivities.

Training Courses

About 159 Tailor made in house programmes to suit the specific requil of different organi
and about 45 short duration courses on specific topics were conducted. These programmes covered a wide
spectrum of areas of control and breakthrough like Statistical Process Control, Industrial Experimentation and
Taguchi Methods, TQM., ISO 9000, QS 9000. Intemal Quality Audit FMEA, QFD, Six sigma process and
Relmbnhly A large number of jation and motivational courses were conducted for workers in regional
pecial progi were ducted for Institute of Wood Science and Technology, TVS Suzuki,

N
BEM]. and Bureau of Economics and Statistics.

The extent of consulitancy, inplant and general training programmes are summarised below :

(i) Number of Industrial units serviced 126
(i) General Programmes
Number of programmes 45
Number of participants 519
(iii) Inplant programmes
Number of programmes 159
Number participants 4722
(iv) Seminar talk
Number of programmes 48
(v) Number of promotional visits 118

)
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A brief detsils of Inplant and General Training Programmes organised by the Division for Engineers, Toy
8 Supervisors, Operaion ac

Executives, Junior Executives, Senior and Junior

are indicated below :

Staff, R&D P

Inplant Training Programmes
[S1. | Title of the Programme Duration Name of the No. of
No. Organisation Participants
1 | QS $000 awareness April 1998 Stumpp, Scheule & Somappa 20
2 | Quality Systems in April 1998 J K Tyres 21
3 | Measurement System April 1998 ABB 21
Analysis, control plan
4 | Team Oriented Probiem April 1998 Autoliv 10
Solving |
s | KAIZEN Apeil 1998 | Autoliv 10 \
- I
6 | QS 9000 (1998) April 1998 IFB 12
7 | TPM April 1998 IFB 15
8 | Middle management training | April 1998 Royal Enfield Motors 15 |
programme
9 | Statistical Process Control April 1998 Central Electronics Ltd., 25 .
Ghaziabad '
10 | Design of Experiment May 1998 Modi Xerox, Rampur 15
1} | Quality Engineering May 1998 Glowtronics, Mysore 12
12 | 1SO awareness May 1998 Motorola 12
13 | Vendor Quality Assurance May 1998 IFB 50
14 | Quality Cost May 1998 IFB Autoliv 3
15 | Calibration Quality System May 1998 Indian Aluminium Co. Lid. 15
and Estimation of
Measurement Uncertainty
16 | Top management training May 1998 LT.C. Limited 6
16 |Programme on SPC
17 | Quality Awareness May 1998 M/S Sangeeth Textles Lid. 700
18 | Statistical Process Control May 1998 Eicher Motors 25
Lud..Pithanpur (MP)
19 | Quality Cost June 1998 NGEF 20
20 | 1SO 14000 June 1998 Grasim, Harihar 30
21 [Six Sigma June 1998 Thermax, Pune 12 B
22 | Awareness Programme on QS | June 1998 IFB
9000 _’4
23 | Awareness Programme on QS | June 1998 IFB
—
24 |Intensive course on QS 9000 | June 1998 IFB
for operators J
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SCHEDULE il

SCHEDULE OF INVESTMENT AND INTEREST ACCRUED AS ON 31ST MARCH 1999

ACCRUED
PARTICULARS INVESTMENT INTEREST TOTAL
RS. P. RS. P. RS P RS. RS. P.
1 FIXED OEPOSIT WITH ;
1UNITED BANK OF INDIA 2,820.000.00 §5,838.00
2ALLAHABAD BANK 800,000.00 23,850.00
3,420,000.00 76,688.00 3,409,688.00
S.Senguota S.S Pana Anup Mejumdar S.B.Rao
Accounts Officar Accounts Officer In-Charge Director
Administration &Finance
For Sarma & Co.
Chartared Accountants
82 Kran Sankar Roy Road
Caicutta- 700001 B Sinha
13 Qctober 1999 Partner



INDIAN STATISTICAL INSTITUTE
SCHEDULE M
LOANS AND ADVANCES AS AT 31ST MARCH 1989

Previous Year Particulars Curent Year
30,848 34 Advances for land 30,848.4
231,9:6.71 Security deposit paid 288,576.7
81,350.80 Sundry Debtors Party in recoverable 81,350.80
9,934,231.63 Charges prepaid 13,497 664.00
19,429,300.00 Marginal Depousit 13,279,100.00
350.00 Students Bar-fit Fund 350.00
3.171.71 CTD (Giridih & Delhi) 31710
892.00 Ecucational Loan 882.00
42.00 House Building loan(Old) 42.00
46,283.64 Relief {Floc & draught) 4544764
796,527.40 Advance ageirst T.A. 568,671.23
1,116,397.22 Advance Against LTC 1,200918.2
4,429.96 Fan advance 44299
772,811.36 Advance against purchase of Cycle & Scooter 198,723.96
1.486.668.64 Suspense & Advance(Staff & Other) 432746068
6,218,104.91 Suspense and Advance (Party) 5,311,386.95
920,763.50 Festival Advance lo staff 1.269,930.50
42,000.00 Deparimental Imprest 80,000.00
6,171.90 Group Insurance(Br.Except.Delhi&Giridih) 85,514.90
221,008.27 1S UEA Collaborative Project 22,541.3%
Environment Management Capacity 2,336.60

4 450.00 CTDISI PPU 38,980.00
9,250.00 Staff Insurance Premium{PPU) -
29,592.00 ISEC(UNDP) STAT-OPERATION -
Advance against purchase of Scooter 278,977.00

- Staff Insurance (Deihi & Giridih) 3,248.06
ALY ) T e
§ Sengupta S S Panja Anup Majumdar S BRao
Accounts Officer Accounts Officer In-Charge Director
Administration&Finance
For Sarma & Co.
) Chartered Accountants
82 Kiran Sankar Roy Road
Calcutta -700001.
13 October 1999 B Sinha

Partner
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SCHEDULE NV
LIABILIMES AND ASSETS OF OTHER FUNDS AS ON 31ST MARCH 1999
UABLITIES  ANNEXURE NAME OF FUND ANNEXURE  ASSETS
Rs. P. RS. P.
58596822 17 A 1. STATISTICAL QUALITY CONTROL DEV. FUND A 56,508,622.17
3,884,249 50 8 2. DEVELOPMENT FUND 8 3,884,240.50
3. MAHALANOBIS INTERNATIONAL SYMPOSIUM
80238 03 [+ ON STATISTICS PRIZE FUND [ 80,238.03
66,174.79 D 4. DANIEL THORNER MEMORIAL FUND D 66,174.79
31.361.24 E 5. ENDOWMENT FUND FOR LECTURE IN ECONOMIC E 31,381.24
6. INDIAN STATISTICAL INSTITUTE ALUMNI
40901.31 F ASSOCIATION PRIZE FUND F 40,901.31
109.669 27 G 7. HALDANE PRIZE FUND G 109,660.27
8. PROF. P.C.MAHA{ANOBIS CRAIR/
808,.938.48 H FELLOWSHIP FUND H 808,938.48
8771850 1 9. RAJA RAO MEMORIAL FUND i ©3,776.50
130,166.00 J 10 M. N. MURTHI MEMORIAL FUND J 130,166.00
11. PROJECT SETTING UP A PLAN AND POLICY
2976455 87 K RESEARCH UNIT AT THE (S| NEW DELHI K 29,976,455.67
267.875,00 L 12, AMBARNATH-SHANTI GHOSH ENDOWMENT FUND L 267,875.00
697,897 28 M 13. DIRECTOR'S CONTRIBUTION FUND M 687,897.28
92.754527.42 92,754,527 42
§ Sengupta S SPanja Anup Majumdar SBRao
Accounts Officer Accounts Officer In - Charge Director
Administretion and Finance
For Sarma & Co.
Chartered Accountants
82 Kran Sankar Roy Road
Calcutta- 700001 8 Sinha
13 October 1898 Partnet

2



INDUAN STATISTICAL INSTITUTR
ARNEXURE A
(ANNEXURE A, FORMING PARY OF SCHEDIRE IV OF THE ACCOUNTS OF THE MSTITUTE)

~STATISTICAL QUALITY CONTROL DEVELOPMENT FUND™ AC NO. 630589
INCOME AND EXPENDITURE ACCOUNT FOR THE YEAR ENDED 31ST MARCH 1088

PREVIOUS YEAR EXPENDITURE CURRENT YEAR PREVIOUS YEAR INCOME CURRENT YEAR
RS P. RS, P, Rs. P. RS P
COMPUTER CONSUMABLES 220650050 BYINTEREST ON NVESTMENT  1ZMS
35300800 & REVENUE EXPENDITURE 736,820.00
EXCESS OF INCOME OVER
1,143.22484 EXPENDITURE 1.518,052.50
JEa— e
22006050 226287850 22004150 150D
BALANCE SHEET AS AT 3187 MARCH 1890
PREVIOUS YEAR LABTIES CURRENT YEAR PREVIOUS YEAR ASSETS CURRENT YEMR
RS. P RS. P. RS. P. Rs #
44.T74920.06 FUND : AS PER LAST ACCOUNT 5083377247 19,702,677 31 1. FIXED ASSEY noemesu
2. INVESTMENT N FIXED
18,147.00000 DEPOSIT 2700
1,713.224.64 ADO : EXCESS OF INCOME OVER 3. CURRENT ASSETS ;
EXPENDITURE 151805250
.1 INTEREST ACCRUED BUT
42431400 NOT DUE ONFIXEDDEPOST  Amsns
ADD : EXCESS OF SQC RECERTS 2 BANK BALANCE FORMNG
OVER RS.7,00.000 00 PART OF INSTITUTE'S CASH
TRANSFERRED FROM CURRENT & BANK BALANCE WITH
414562697  EXPENDITURE ACCOUNT 444095720  12750.78068 SCHEDWLEM
S0.60.17247 5850882217  %0.630.7T2.47
Anup Mejumdar S BRm
S Sengupls S5 Panja InCarge Dwscxy
Accounts Officer Accounts Offices Adminisiration & Finence

In terma of our separate report of even dale

For Sarma A Co.
Chastered Accountania
872 Kiran Saniar Roy Road
Calcufta- 700001, 8Snhe
13 October 1699 Partner



INDIAN STATISTICAL INSTITUTE
ANNEXURE 8

(ANNEXURE B. FORMING PART OF SCHEDULE IV OF THE ACCOUNTS OF THE INSTITUTE)
“DEVELOPMENT FUND™ AIC NO. 660889
INCOME AND EXPENOITURE ACCOUNT FOR THE YEAR ENDED $1ST MARCH 1§99

MEVOUS YEAR EXPENOITURE CURRENT YEAR PREVIOUS YEAR INCOME CURRENT YEAR
RS, P. RS, P. RS. P. RS. P,
YO EXCESS OF INCOME 260A454.00 BY INTEREST ON INVESTMEN] 3022400
048400 OVER EXPENDMTURE 230,224.00

230,224.00 260,454.00 230.224.00

BALANCE SHEET AS AT 31ST MARCH 1999

PREVIOUS YEAR LIABILITIES CURRENT YEAR PREVIOUS YEAR ASSETS CURRENT YEAR
RS P. RS. P. RS. P. RS. P.
241638432 FUND : AS PERLAST ACCOUN  2.990,000.60 1. FIXED ASSET
2. INVESTHENT IN FIXED
ADD : EXCESS OF INCOME 201200000 DEPOSIT 2,012,000.00
20454.00 OVER EXPENDITURE 230,224.00

3. CURRENT ASSETS :

.1 INTEREST ACCRUED BUT
40478.00 NOT DUE ON FIXED DEPOSIT 297700
ADD: DURING THE YEAR
2 BANK BALANCE FORMING
SHARE OF OVERHEAD PART OF INSTITUTE'S CASH
CHARGES FROM EXTERNALLY & BANK BALANCE WITH
SN.185.98  FUNDED PROJECT 644,022.00
93767680 SCHEDULEW 182,072.60
24%0.000.50 3.864,249.60 2,990.003.60 3,884,249.60
Anup Majumdat SBRso
§ Sengupa $5FPunj In-Chargs Director
Aocounts Offcer Accounts Officar Administrabon & Finance
$2%rmn Sankav Roy Roed For Sarma & Co,
Cuovaa - 700001 Charteted Accountants
130ctodar 1999 In tarma of our separsts repon of even date
B Sinha
Putnas

Ly



